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the chief phyla of the animal kingdom is included. 
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treated comprehensively. 
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and B. D. Gipson. 185 pp. $1.25. Oxford Uni- 
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tribution of Christian education to the right solution 
of whether the new influences to which the African 
is subject will lead to his advancement or his un- 
doing. 
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reader to the pioneer work as well 
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authors 
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search. The directors of numerous res: 
tories point out the value in research prog 
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Ir has long been known that some of 
the radioelements emit a penetrating 
type of x-rays known as the gamma- 
rays. It is clear that these radiations 
arising from the nucleus of the radio- 
active atom represent, in a sense, some of 
the characteristic modes of vibration of 
the nuclear structure. The wave-length 
and quantum energy of many of the 
stronger lines in the complicated gamma- 
ray spectrum have been determined by 
different methods with concordant re- 
sults. It has been difficult to determine 
with certainty the origin of this radia- 
tion. It was at first supposed that it 
must arise from the motions of electrons 
in the nucleus, but in recent years there 
has been a growing belief that the radia- 
tion is connected with the transition of 
an alpha-particle or proton which forms 
part of the nuclear structure. It is not 
an easy matter to distinguish between 
the various hypotheses since very little 
is known about the detailed structure 
of the nucleus. Fortunately, during the 
last two years, two different methods of 
attack on this problem have been de- 
veloped. The first depends on an 
analysis of the groups of long range 
alpha-particles which are emitted in 


1 Abstract of a lecture delivered before the 
Royal Institution on Friday, March 18, 1932. 
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UNIVERSITY 


small numbers from radium C and 
thorium C, and the other the analysis of 
the fine structure shown in the emission 
of alpha-rays from certain bodies. It 
may be supposed that the emission of a 
beta-particle during a transformation 
causes a violent disturbance in the re- 
sulting nucleus, some of the constituent 
alpha-particles being raised to a much 
higher level of energy than the normal. 
These alpha-particles are unstable and 
after a very short interval fall back to 
the normal level emitting their surplus 
energy in the form of a gamma-ray of 
the 


ideas of wave-mechanies, in this short in- 


definite frequency. According to 
terval there is a small chance that some 
of the the higher 
levels can escape from the nucleus. On 


alpha-particles in 


these views, the escaping alpha-particles 
represent the long range alpha-particles 
observed and the energy of the alpha- 
particles given the value of the energy 
level in the nucleus which it occupied 
before its escape. Following out these 
ideas, the range alpha-particles 
which escape from radium C have been 
earefully analyzed using the new elec- 
counting alpha- 


long 


trical methods of 
particles 
Nine distinct groups of particles were 


observed and the energies of alpha- 
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particles forming each group were de- 
termined. The differences of energy be- 
tween the various groups was found to 
be closely connected with the energy of 
the 
rays in the spectrum, and, in general, 


most prominent gamma- 


some of 
the experiments gave strong evidence 
that the gamma-rays had their origin in 
the transition of 
particles in an excited nucleus. 


one or more alpha- 

It has generally been supposed that in 
a radioactive the 
alpha-particles are expelled with iden- 


transformation all 
tical speed. This is certainly the case for 
most bodies, but Rosenblum found that 
the element thorium C emitted not one 
but five distinct groups of alpha-par- 
ticles. The discovery was made possible 
by making use of the great Paris elec- 
tromagnet in order to bend the alpha- 


particles into semi-circle. Gamow pointed 


out that the appearance of such a ‘‘fine 
structure’? in the alpha-ray emission 
should be accompanied by the liberation 
of gamma-rays. 

Owing to certain experimental difficul- 
ties it is not easy to obtain a clear-cut de- 
Ellis concludes 
from his that 
view is correct, but Meitner, from similar 
experiments, reached an opposite con- 
clusion. In view of this difference of 
opinion, I have made in conjunction with 
Mr. Bowden, some experiments to throw 
light on this problem in another way. 
and Wynn Williams 

actinium emanation 


cision on this point. 


experiments Gamow’s 


Recently Lewis 
found that the 
emitted two distinct groups of alpha- 
particles differing in energy by about 
340,000 volts. It was seen that this ob- 
servation offered a simple method of test- 
ing the theory of Gamow. The emana- 
tion was carried by a current of air into 
a separate chamber and the emission of 
beta and gamma-rays directly tested. It 
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t he 
was 


was found that transformat 
the 
weak beta-radiation and a strong o 
The 


were in good accord with the the 


emanation accom panik 


radiation. experimental 
thus showed that the presence of 
structure’’ in the alpha-ray emis 
accompanied by the emission of ¢ 
the 
afford strong corroborative evidence 


rays. At Same time, the 

the gamma-rays have their origin 
transitions of an alpha-partick 
excited nucleus. 

It is of interest to consider | 
these views can be carried into the : 
of the 
elements resulting from the bon 


artificial disintegration 
ment of certain light elements by 
particles. In some of these disint 
tions it is necessary to assume that 
alpha-particle can be captured in 
ent energy levels, and that a 
radiation is emitted as a result of 
transition between the two levels. P 
trating radiations have, in fact, beer 
served in several cases when light 
ments are bombarded by alpha-parti 
Some of these cases are of peculiar 


terest. 


THE RADIATION FROM BERYLLIUM AND 
THE NEUTRON 

In examining the artificial disintegra 
tion of light elements under the action 
of alpha-rays, Bothe and Becker, in 1930 
noted that beryllium under alpha-ray 
bombardment, did not emit protons lik 
boron or nitrogen, but gave out a weak 
radiation which was more penetrating in 
character than the from 
The absorption of this radia 


gamma-rays 
radium. 
tion in its passage through matter was 
later examined in detail by Mme. Curi 
Joliot and M. Joliot and by Webster. 

It is usual in experiments of this kind 











employ active preparations of 
nium on a metal dise as a source of 
nha-rays. This very 


t for the purpose, as the results 


source is con- 


not obscured by the presence of beta 
{| gamma-rays which are so freely 


++ 
t 


eyeh as radium C and thorium C, 


In examining the absorption of this 
by the ionization 


dd from other alpha-ray sources 


ryllium radiation 
method, Mme. Curie-Joliot and M. Joliot 


ide the striking observation that 
vdrogen material, when exposed to this 
radiation, emitted swift protons. In ex- 


anation, they suggested that the pro- 
ns gained their energy by a radiation 
ecoil in a process similar to the well- 
known Compton effect, and estimated 
that the quantum energy of the radia- 
on must be of the order of 50 million 


lectron volts. 

J. Chadwick, using direct 
methods of 
swift recoil atoms were liberated not only 


counting 
great sensitiveness, found 
in the passage of the radiation through 
hydrogen, but also in other light ele- 
ments including helium, lithium, beryl- 
lium, carbon, air and argon. In a letter 
in Nature of February 27 he pointed out 
that the results in this and other direc- 
tions were difficult to reconcile with the 
hypothesis of quantum of radiant 
energy of such high frequency. He sug- 
gested that the effects observed were not 
due to a gamma-radiation at all, but to the 
liberation from the bombarded beryllium 
of a stream of swift uncharged particles 


a 


> 


or ‘‘neutrons.’ 

The idea of the possible existence of 
neutrons, that is, of a very close com- 
bination of a proton and electron to form 
an uncharged nuclear unit of mass 
nearly 1, is not new to science, but it 
has been very difficult to find any definite 
evidence of its existence. Rutherford 
discussed the properties of such a neutron 
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in the Bakerian Lecture before the Royal 
Society in 1920, and both the Dr 
Dr. Roberts made experi- 


ments in the Cavendish Laboratory to 


late 


Glasson and 


test whether neutrons were produced in 
strong electric discharge through hydro- 


gen, but without success. 


It is to be anticipated that a pro 
jected neutron would produce little if 


any ionization in its passage through 


matter, and would pass freely through 
atoms. A swift 


the outer structure of 


neutron should, however, indicate its 
presence by the recoil of an atomic 
nucleus with which it eollided. This re 


coiling nucleus would spend its energy 
of motion in ionizing the gas, and should 
thus be readily detected by its electrical 
effect or by the trail of water drops it 
produces in a Wilson expansion chamber 
some however, the effects 


In respects, 


produced by a neutron would be very 
similar to those due to a quantum of high 
frequency radiation, and careful experi- 
ment is required to distinguish between 
them. 

A discussion was given on the present 
state of the experimental evidence on 
this important problem. The velocity 
of the neutron at the moment of its liber- 
estimated to be about 3x 10° 


or about one tenth of the veloc- 


is 


ation 
cm./sec., 
ity of light. 
ity of recoil of different atoms, Chad- 
wick finds that the mass of the neutron 
is about the same as that of the hydrogen 
atom. In addition, the velocity of recoil 
of a given atom falls off when the radia- 


By comparison of the veloc- 


tion is passed through increasing thick- 
nesses of an absorbing material like lead. 
This is exactly the behavior to be ex- 
pected for the neutron, but not for a 
high frequency radiation. 

information this 


on 


Very valuable 


problem can be obtained by photograph- 
ing the effects due to the passage of this 
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new type of radiation through a Wilson 
expansion chamber. A number of such 
experiments have been made by N. 
Feather and P. I. Dee in the Cavendish 
Laboratory in association with Dr. Chad- 
wick. For example, it is to be antici- 
pated that the neutron would occasion- 
ally collide with the electrons in its path, 
and thus give rise to an electron track 
of maximum length corresponding to 
twice the velocity of the neutron. This 
is exactly analogous to the well known 
production of delta-particles by the pas- 
sage of alpha-particles through gases. 
Several such short electron tracks have 
been photographed by Dee which have 
about the right length, and for which it 
is difficult to suggest any other explana- 
tion. Feather has obtained photographs 
of more than a hundred recoil tracks 
produced in an expansion chamber filled 
with nitrogen. He has observed another 
very interesting effect. In addition to 
the straight recoil tracks, he has obtained 
photographs of a number of branching 
tracks which indicate that the nitrogen 
nucleus has disintegrated in a novel way. 
These branch tracks are believed to be 
produced by the recoiling nucleus and 
by some particle which is ejected from 
the struck nucleus. The identity of this 
latter particle has not yet been definitely 
established. 

It will take time to analyze the results 
obtained, and to examine the effects pro- 
duced in other gases. The peculiar 
properties of the neutron allow it to ap- 
proach closely, or even to enter, nuclei 
of high atomic number, and it will be of 


great interest to study the effect 
collisions. It is, however, evid 
this new radiation has surprisi: 
erties, and there is every promis: 
may prove an effective agent ji 
ing our knowledge of the artificia 
tegration of elements. It wil! 
ample, be of much interest to 
whether the neutron is captured 
disintegrating collisions, or whet 
merely passes through the nu 
which it has such a catastrophic 

Mme. Curie-Joliot and M. J 
Dee have independently noted t} 
swift electron tracks are observed 
expansion chamber. The exact 
and nature of these particles will 1 
careful examination. It is possib! 
a gamma-radiation is emitted 
beryllium as well as the neutron 
Curie-Joliot and M. Joliot fow 
the radiation from boron bombar 
alpha-particles behaved similarly t 
from beryllium. It is possible that 
elements will also give rise to radiat 
of this kind. 

Whatever may be the final expla: 
of the interesting facts observed, 
clear that if they are due to a quant 
of radiation, we must relinquish the 
of the conservation of energy and of 
mentum in the production of this rad 
tion and its interaction with matter 
we wish to retain these laws, the neut: 
hypothesis seems the only alternat 
In any case it is evident that these ne 
discoveries have opened up a new reg 
of research which is of great interest a1 
promise. 


















The great French philosopher of the 
last century, Auguste Comte, was an ex- 
eedingly well-informed and _ versatile 
man, but it was he who once remarked: 
‘There are some things of which the 
uman race must remain in 
enorance; for example, the chemical 

mposition of the heavenly bodies.’’ To 
Comte and the other intelligent men of 
his time, this problem seemed hopelessly 


forever 


insoluble ; there was no way of attacking 


Of course this statement sounds ridicu- 
lous tous now. It became ridiculous be- 
cause man’s dream came true of a mas- 
ter key that would unlock many doors, 
one after another, and so open up many 
new realms of knowledge. 

That master key was the spectroscope. 
No sooner was it discovered than the 
composition of the heavenly bodies, pre- 
viously unknowable, became an open 
book. With its use, many of the familiar 
chemical elements were identified in the 
sun, and not long after, in the stars. 
Later work has extended the number 
of elements identified in the sun to sixty, 
and spectroscopic study has shown that 
the atmosphere of Mars contains oxygen 
and water vapor, while that of Venus 
shows no signs of them. 

All the stronger lines in the spectra 
of the sun and stars and a host of the 
weaker ones have been identified. It 
has been demonstrated that the same 
atoms are present on earth that are also 

1 An address delivered at the inauguration of 
the spectroscopic laboratories of the Massachu- 
setts Institute of Technology, February 25, 
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present in the remotest nebulae, in the 
relatively cold tail of a comet, and in the 
intensely heated surface of a white star. 
By showing these things, the spectro- 
scope has given the most impressive of 
all proofs of the unity of nature. 

This achievement has been described in 
poetry, as it should be, by Edmund 
Clarence Stedman, in 
philosophical poems **Corda Concordia.’’ 


his more 


one ot 


The stanza in which this is done is such 
good science, as well as such good poetry, 
that I would like to quote it: 
White orbs 1 
Before the triple glass, 
That men may scan the record of each flame, 
Of spectral line and line 
The legendry divine, 
Finding their mould the same, and a 
The atoms that we knew before 
irselves are made, dust, 


of Ww hich ou 


ke angels pass 


and no more, 


It is more than two hundred years 
since Newton, passing his beam of light 
in a darkened room through a prism, 
saw the rainbow-colored streak of light 
upon the wall as the rays of different 
color were refracted in different amount 
by the prism, and so was led to realize 
the composite nature of white light. Un- 
fortunately, Newton took his light 
through a small round hole and he took 
it from the large round sun; 
quently, even if the sun had been all one 
color, the image that he would have had 
thrown on the wall would have been like 
the image that he when it came 
through a pinhole in the window shade. 
If only he had had the wit to set up a 
narrow slit so that the image would have 
been sharp and not round, the master 
key might have been discovered. 


conse- 


got 
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Just after the first half of the nine- 
teenth century was over, Kirchhoff and 
Bunsen made that simple but funda- 
mental mechanical change. Really this 
master key was found in a narrow slit 
simply in letting your light into this 
prismatic instrument through a slit so 
narrow that you obtained a sharply de- 
fined image. As soon as that was done, 
as soon as they took the light through a 
narrow slit into their prism, with an eye- 
piece to look at it and a couple of other 
lenses to make the light go in parallel 
rays through the prism—the new doors 
were opened and the new worlds free to 
conquer. 

The next necessary advancement was 
the development of a more delicate 
method of spectrum analysis. This came 
with Rowland, the great Johns Hopkins 
physicist in the nineties. He developed 
an engine for ruling diffraction gratings, 
the device that is used for breaking light 
up into its components. The best of 
Rowland’s gratings are the joy, the envy 
and the despair of the investigators to- 
day—the joy of the man who has one, the 
envy of his colleagues, and the despair 
of the man who tries to make one as 
good. Rowland devoted years to the 
study of the solar spectrum and reported 
and recorded in it the position of 20,000 
lines, each one carrying its own story 
of some substance in the sun. When 
Rowland was through his work, thirty- 
six of the chemical elements had been 
identified in the sun. Since that day, 
of course, a number more have been 
added because plates have been de- 
veloped which are sensitive to the red 
end of the spectrum, and Rowland had 
no such plates available. Partly for that 
reason, and partly because some sub- 
stances are now available of which Row- 
land could not get specimens, sixty 
chemical elements have now been identi- 
fied in the sun—most of them with cer- 
tainty. 

In the stars, we can not observe such 
immense detail as we can in the sun, al- 


though the big spectroscopes 
now being attached to the er 
tors such as the Mt. Wilson 1] 
scope give us an amazing 
information, and dozens of 
chemical elements have been 
identified in the stars. 

The minute shift in the posit 
lines due to motions of app! 
cession has enabled us to det 
measure the rotation of the sur 
planets, to prove that Saturn’s 
not solid, but composed of m 


tiny satellites, and to get one of 


accurate determinations of th 
tance. Applied to the stars, 
termined the sun’s motion amor 
the distances of hundreds of ind 
stars, and the average for tl 
more; has revealed hundreds 
stars too close to be resolved DY 
scope, and determined the 
even the diameters of some of the 
has disclosed those amazingly 
motions of the remote nebulae 
high as 15,000 miles a second 
point the way to new conceptio1 
nature, the past and the future 
material universe. Spectroscoy 
have shown that the nebulae ar 
kinds, one consisting of mass 
luminous gas; the others, giving 
like stars, must themselves be gr 
ters of stars at gigantic distances 
If the spectroscope has thus pr‘ 
profitable to the astronomer, what 
it accomplished for scientists in 
fields? The chemist owes to spt 


copy the discovery of at least ten o! 


elements, some by optical met 


others more recently by the aid of x-! 
Among these is helium, which was 


tected in the sun and its nature 
light gas correctly interpreted more 


twenty years before it was ‘‘rul 


earth.’’ 
The classical physicist finds i 


+ 


spectroscopic data his most prt 


‘ 


standards of length, and some 0 
more accurate methods of measuren 








My friend, Dr. Meggers, of the Bureau 
¢ Standards, and his associates have de- 
veloped very practical spectroscopy re- 
ently. Suppose, for example, you have 
e fusible plugs that are used in our 
They are 
} 


ve 








som 
overhead sprinkler systems. 
made of a fusible alloy which will 
ereatly damaged if it has any more than 
the most minute quantity of iron in it. 
To find this out by chemical analysis is 
a slow and tedious process; but you can 
take one of these plugs and test it with 
the spectroscope, and if the strong lines 
‘iron show up, you know there is iron 
Comparative tests with materials 


ere. 
different composition give you an idea 
Thus, with the spee- 


of the safe limits. 
trosecope you can test these alloys in a 
minute part of the time that chemical 
composition requires. 

But it is in the realm of atomic physics 
that spectroscopy has played its greatest 
role. Fifty years ago, Lockyer, from a 
study of the spectra of electric ares and 
sparks, and of the stars, concluded that, 
in the spark and in the hotter stars, or- 
dinary atoms are decomposed into prod- 
ucts which give different spectral lines. 
This bold generalization was fully justi- 
fied forty years afterward, by the de- 
velopment of the theory of ionization. 

About forty years ago, series of lines 
were detected in many of the simpler 
spectra, and found to be representable 
by formulae in which the ‘‘ Rydberg 
constant,’’ common to all spectra, ap- 
peared. Here was evidence of some uni- 
form feature in the constitution of the 
different atoms. The Zeeman effect, ac- 
cording to which a spectral line emitted 
by a source placed in a strong magnetic 
field is split up into polarized compo- 
nents, again showed features common to 
different atoms, and suggesting the pres- 
ence within them of moving electrical 
charges. The Bohr-Rutherford theory 
of atomie structure—with electrons in 
orbital motion around a nucleus—was 
based very largely on these spectroscopic 
data. It accounted at once for the 
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typical spectral series of hydrogen, and 





accurately predicted other series in the 
infra-red and ultra-violet. With simple 
modifications, it explained the more 
plicated system of series in the spectra of 


The multiple character of! 







com 






the alkalies. 







the terms of the series was later inter 
preted as a result of the spin of the elec 





tron increasing ‘astronom 
ical Pe 


while the appearance of numerous terms 






thus 
resemblance of the atom 


le 







Was ac 





in the more complex spectra 





\ quantized in 
The 


+h 


counted for by different 
clinations of the electron orbits 


complex multiplets of lines found in 







spectra were thus fully explained. In 
its final form (due to Hund) this theory 
has been brilliantly successful in eluci 
dating the structure of atoms and inter 








preting and even predicting the details 
of their spectra. Work in this field has 
been very active, and only the most com 
rare earths and some heavy 


rare 








plex spectra 
metals) and 
elements remain to be deciphered 


those of a few very 













In the ease of molecules, changes in 
the states of oscillation and rotation of 
the nuclei, as well as in the electronic 
States, are possible, and the spectra are 
much more intricate, consisting of com 
plex bands comprised of closely packed 
lines. Those of diatomic molecules ar 
now well understood—with important 






of molecular 






gains in our knowledge 
structure and the 
‘‘affinity,’’—and the still more 
polyatomie molecules show signs of yiel 
ing. Different isotopes of the same el: 
ment, when present in compounds, often 


From 






nature of chemical 
intricate 
1a 









vive widely separated bands 









these, new isotopes of oxygen, nitrogen 
and earbon have been discovered, and 
the ratio of the masses of the different 
atoms determined with extreme pri 
cision. In atomic spectra, the isotope 
effect is extremely small, except for 
hydrogen—where it has recently per 
mitted the identification of an isotope 









of double weicht. 
Fine-structure in the 


— > , 
lines of heavier 
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atoms arises partly from the presence of 
isotopes, partly from sort of 
‘*spin’’ within the atomic nucleus, and 
its study affords a promising approach 
to the problem of nuclear structure. 
While all this was going on, x-rays 
were also found to monochro- 
matic radiations, observable by using the 


some 


contain 


atoms in a crystal as a diffraction grat- 
These spectra have given us in- 
atoms, 


ing. 
formation about the interior of 
with that which 


comparable optical 


spectra furnish concerning the exterior. 


They are much simpler than the latter, 
and now the chemist with his 
most delicate test for the detection of 
new elements. Incidentally, they make 
it certain that except for the few well- 
recognized gaps, no elements lighter than 


furnish 


uranium remain to be discovered. 

Working in the opposite direction, 
X-ray spectroscopy opens the door to an- 
other untrodden realm—the exact study 
of the arrangement of atoms in crystals, 
which can now be specified in minute 
detail. 

All through these triumphs ran a 
discordant note. Certain numerical re- 
lations—notably in the Zeeman effect— 
though exact, differed systematically 
from those predicted by the orbit theory, 
and every calculation based on the rela- 
tive positions of electrons in these orbits 
led toa wrong answer. This discrepancy 
has vanished since the orbital picture 
of the atom was replaced by the diffi- 
eultly visualizable wave-mechanies or the 
wholly unpicturable matrix-theory. 
When a modern lecturer tries to draw 
an atom on the blackboard, he uses no 
chalk, but an eraser, and constructs a 
smudge illustrating the relative proba- 
bility of finding a unit-charge in differ- 
ent regions. But as a means of caleula- 
tion—interpreting and, on occasion, pre- 
dicting, the results of precise observa- 
tion, the new theory advances from con- 
quest to conquest. 

The ramifications of these new ideas 
throughout the range of molecular and 
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atomic physics are too numerous t 
tion. To take but one instance 

dom, the magnetic 
solutions of salts of the rare eart 
be fully explained by the tl! 

struecture—even thoug 
the 
unon which these depend 


susceptibilit 


spectral 
spectra of 


10n1zed 


have 


trebly 


been observed. 

There is probably no field in w! 
new spectroscopy has been of n 
than in astrophysics. The reco 
that Lockyver’s exhanced 


duced by icnized atoms, and th: 


lines 
application of ihe Jaws of ioniz 
stellar atmospheres have tra 

our whole view-point. We know 
that the disappearance of the li: 
the metals from the hot stars meat 
that they have been so highly ior 
that they no longer give lines in t 
servable region, and that the lines « 
permanent gases, and the non-metals ¢g 
erally, are weak or absent in the 

stars because their atoms are not hig 
enough excited to be able to absorb t 
observable lines. From measures of li! 
width, and also by study of multip! 
the actual number of atoms which 
duce a given spectral line may be 
mated, and an approximate quantitat 
analysis made of the atmospheres of t 
sun and stars. The results indicat: 
remarkable similarity of compositi 
despite the great differences in the sp 
tra of hot and cool stars. The relat 
abundance of the elements is similar t 
that in the earth’s crust or in meteorites 
with one noteworthy exception. Hyd 
gen—a minor constituent here—is ove! 
whelmingly predominant in the stars 
(The excess very likely escaped during 
the formation of our planet.) Both th 
temperature and pressure of a star’s 
atmosphere may be found from the in 
tensities of the spectral lines. Thi 
former agree with the values deduced 
from the colors of star-light; the latter 
are surprisingly small, and indicate that 
the atmospheres are of exceedingly low 
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ionsity. The whole atmosphere of the 

brought to standard temperature 
nd pressure, would make a layer of gas 
ss than a hundred feet thick, of which 


metallic vapors form about one per 


n+ 


A similar conclusion was reached more 


forty years ago by Lockyer, by the 


simple process of comparing the sodium 
nes in the solar spectrum with those 
bsorbed by the vapor present in a Bun- 
flame. The sun’s atmosphere, of 
irse, is not sharply bounded at the 
ttom; it grows hazier owing to the in- 
reasing density of the free electrons and 
ns, and passes into the luminous photo- 
sphere. The principles upon which this 
increasing opacity can be calculated are 
essentially spectroscopic, and the data 
regarding the ionization and excitation 
potentials of atoms, which it requires, 
have been derived spectroscopically. 

Two more applications may be men- 
tioned—to matter in extreme states of 
condensation and rarefaction. 

From the spectroscopic data regarding 
atoms it follows that, at very high tem- 
peratures, inside the stars, they will be 
completely ionized down to bare nuclei 


and electrons. Matter in this state 
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should be exceedingly compressible, but 
not infinitely so—the limiting factor be- 
ing the degeneracy of the gas 

sense of the new quantum theory 
several hundred thousand t1 


The problematical 


density 
that of water. 
dwarf 
Sirius, show conclusive evi 
in this state, while the shi 
red of the lines in their 
ing from the outer atmosp! 


stars, like the 


confirmation of 


an important 
relativity. At the other extr 
which 1rom 
} 


pe Ol 


nebulae 


gaseous 
tional considerations must extremé 
tenuity 


long a 


show spectral lines which were 
Modern 
the existence of 


tantalizing problem 


spectroscopy revealed 


metastable atomic states, from which 


light-producing transitions would not 
occur unless the individual atoms were 
left undisturbed much longer than they 
would be except in an exceedingly rare- 
fied 
nebular 
the sort produced by the most familiar 


Bowen thus identified the 


gas. 
lines as ‘‘forbidden’’ lines of 
elements, oxygen and nitrogen above all 
The 
nebulium thus very literally vanished 
into thin air. 


hypothetical unknown element 





THE CADUCEUS 


By STUART L. TYSON, D.D. (OXON.) 


PELHAM MANOR, N. Y. 


IN view of the evident pride of oun the newest Asclepieion at New 
physicians in the emblem of their pro- the University Health D: 
fession, as manifested, e.g., on motor Building), ete., all of which 
cars, on seals, charters, facades of medi- two snakes around the wand 
eal buildings, hospital stoat, ete., it is rod. If the paganus be still sk 
curious to note how many there are who he may be referred to that 
reveal, in the manifold expressions of ‘‘Devils, Drugs, and Doctors,’’ 
their sentiment, an entirely erroneous W. Haggard, associate profess 
conception of what in fact is the emblem plied physiology at Yale, wher 
of the healing art. f. (Ist ed., 1929) it is noted t! 

Ask the average medicus to describe symbol of Aesculapius, the Cad 
the signum of Asklepios, the god of med- the two snakes twined on a st 
icine ; he will be almost certain to reply survived, and is still used to-d 
that it consists essentially of a Caduceus, medical emblem.’’ Or he may 
1.€., a wand with two serpents inter- shown the words of that prince « 
twined. Should the advocatus diaboli cians, Sir William Osler, who, in 
express doubt as to the correctness of the liman Lectures at Yale in 1913 o1 
answer, he will perhaps be confronted Evolution of Modern Medicine,’’ 
with the sigillum of the U. S. Publie proofs of which were never wl 
Health Service, the insignia of the U.S. vised by the author,’ seems (but « 
Army Medical Corps, the seals of not a seems: for while the statement is | 
few county medical societies, adorn- tunately accurate for many groups 
ments on many buildings consecrated to the U. S., with the notable excepti 
the profession, such as the splendid the A. M. A. since 1912,? the entire 
‘Medical Chambers’’ recently com-_ text, both photographie and verba 
pleted at 140 East 54th Street, New gates the assumption) to lend co 
York; on hospitals (including that of mance to the error. ‘‘ Asklepios 

remains our patron saint, our embl 
atic god of healing, whose figure wit! 
serpents [italics mine] appears in 
seals and charters’’ (p. 43). In th 
six months the present writer has q 
tioned thirty-one physicians as to 
emblem of the healing god and 
twenty-seven instances has received 
1Cf. Dr. Harvey Cushing, ‘‘ Life of Sir V 
Osler,’’ Vol. II, pp. 292, 377, 385, 436: 
‘* Annals of Medical History,’’ Vol. IV, p 
2**For a time the Caduceus was used as 
emblem by the American Medical Associ 
but in 1912, after considerable discussion, 
official emblem embodying the Aesculapian r 
SEAL OF THE U. 8. PUBLIC HEALTH was adopted and is still in use.’’ B.S. Eng 
SERVICE. The Classical Journal, Vol. XXV, p. 206. 
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1 o> 
'¢ 


FACADE OF 


de fide the reply that the wand with two 
snakes constitutes his symbolum. 

It would ill become a mere layman to 
rail at these Asklepiads; but a profes- 
sional student of the history of his art 
might well be tempted, on recalling the 
answers of his twenty-seven fellow-prac- 
titioners, to breathe the pious prayer of 
Thersites in ‘‘ Troilus and Cressida’’ 

O thou great thunder-darter of 
forget that thou art Jove, the king of Gods; 
and, Mercury, lose all the serpentine craft of 
thy Caduceus, if ye take not that little, little, 
less-than-little wit from them that they have! 


Olympus! 


For it is an incontrovertible fact that 
the wand with the two serpents is the 
symbol, not of Asklepios, but of Hermes 


(Lat. Mereury), of whose connection 


TRUE AESCULAPIAN SYMBOL, AS EM- 
PLOYED BY THE A.M.A, 


MEDICAL CHAMBERS, 





NEW YORK, SHOWING CADUCEUS, 
with the healing art there not only ex 


trace, but most 


ists scarcely a chemical 
of whose positive attributes are wholly 


alien to the noble profession of medi- 


} 


cine; while on the other hand, the heavy 
staff 
snake, from the early days of Greek my 
thology until at the period of 
Henry VIII, has invariably been asso- 
ciated with him whom 
the Western 
the very Deus Medicinae, 
fabled ancestor of Hippocrates, the true 
Pater Medicinae. 

Let 
duceus’’—or 


or club, bearing a single twined 


least 


all phy sicians of 
] 


world not only as 


but also as the 


first examine the term ‘‘Ca 


us 
probably more accurately 
8 It is the Latin adapta- 
Aolie 


form 


**Caduceum.’ 
tion of the Dorie 
rather than of the 
(the o 
herald’s wand 


KO PUKELOYV, or 
KALPUKLOV, 
as ad 


K1/PUKELOV, becoming d. 


ao), "a 
‘fa herald’’ or 
evolved 


derived from 


Knpué, ‘*ambassador,’’ in 


turn from x«npvocéew, ‘‘to an- 


curious fact that me 


sit is a 
Nepos, Liv 


nominative, 


y nor Pliny happens to 
and it is therefore diffi 
mine the predominant gender in antiquity ; 
the 1] 


the Greek 


term iS 


inasmuch as 
literation of 


would seem (as against 


anf 
iter, 


etymologically a n 
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nounce’’: the neuter adjectival substan- 
tive denoting the symbol of the official 
state messenger as he went out to treat 
of peace. In the world it was 
originally a shepherd’s crook,* a forked 
olive branch adorned at first with two 
fillets of wool, then with white ribbons, 
and later (a as. will 
shortly be shown, of a far earlier East- 
ern tradition), with two snakes inter- 
twined, the Caduceus par excellence, the 
magic wand of Hermes, the heavenly 
messenger of the gods. This last, ac- 
cording to the monumental Oxford His- 
torical Dictionary, ‘‘is its earliest and 


Greek 


recrudescence, 


proper sense in English.’’® 

Next, as to Hermes or Mercury, the 
true bearer of the Caduceus. He was 
the son of Zeus and Maia, as Asklepios 
was begotten by the healing god Apollo. 
A late myth, however, makes him half- 
brother of the god of medicine, whose 


THE CADUCEUS, ERRONEOUSLY EM- 
PLOYED BY MANY PHYSICIANS 
AS THE SYMBOL OF THEIR 
PROFESSION, 


daughter Hygeia he is said to have mar- 
ried. This is about the extent of his 
connection with the healing art, unless, 

4 Farnell, ‘‘Cults of the Greek States,’’ Vol. 
V, p. 20. 

5 Thus Spenser, in 1591, referring to Mer- 
eury: ‘‘ And in his hand 
He took Caduceus, his snakie wand, 

With which the damnéd ghosts he governeth, 
And furies rules, and Tartare tempereth.’’ 

6 Cf, Ovid, Metam., 8, 627, who refers to him 
as ‘*Caducifer.’’ Faeciolatus and Forcellinus, 
in their ‘‘ Totius Latinitatis Lexicon,’’ cite the 
following from an old inscription: ‘‘ Mercurius 
petasatus et caduceatus’’—‘‘Mercury with his 
travelling cap on and equipped with the Cadu- 


” 


ceus. 
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indeed, the giving or withholdi, 
sleep and the promotion of fertilit 
regarded as therapeutic. Howey 
Tanagra he was believed to have ay 
a pestilence,’ an action common to 
than one of the Olympiads. But 
much as the respective symbols 
two gods were superficially so simi 
was perhaps only natural, in the eb 


flow of classical studies, that from 
to time they should become confow 
According to one myth, Hermes obt 
the Caduceus as follows: With 
genuity he had evolved the lyre fr 
Shell of a tortoise, and playing t! 
before the enchanted Apollo what 

be presumed to have been the Gree! 
totype of the Fifth Symphony, rec 

in return for the gift of the instr 

to the spellbound god, an ambassad 
portfolio to mediate between the g 
and men. Whereupon, as now 
heaven’s herald, he was given the mag 
forked wand, the signum of the pea 
bringer, ultimately decorated with 


oreat 
= A A 


+ 


two intertwined serpents, and somet 
also with wings, as symbolizing his 
eredible speed. Historically, the C 
duceus, adorned with a male and fen 
serpent intertwined, carries us back t 
period far earlier than that with whi 


we are at present concerned, and is defi 
nitely associated with the idea of fertil 
ity, which, as just stated, Hermes was 


believed to promote.* Greek and Roman 
myth supply several stories as to t 
raison d’étre of the two snakes on Her- 
mes’ wand of office. Perhaps that re- 
lated by Hyginus, in his ‘‘ Poeticon 

7 Paus, IX, 22, 1. 

8 For the Caduceus of this period, see the 
scholarly essay, ‘‘The Babylonian Origin of 
Hermes the snake-god, and of the Caduceus,’’ 
by A. L. Frothingham, in the American Journal 
of Archaeology, 2nd Series, Vol. XX, p. 175 ff. 
‘*This proto-Hermes was always a snake-god 
.. . But it is an essential element of his func- 
tion that he was not a single snake .. . but the 
double snake, male and female, the most prolifi 
form of copulation in the animal kingdom. For 
this reason the emblem of the god was the Kery- 
keion or Caduceus, a pair of snakes wound 
around a wand or sceptre.’’ 















THE 








HERMES, WITH CADUCEUS AND WELL- 


FILLED PURSE. (ARLEs). 


tronomicon,’’ will do as well as any 
other. ‘‘Mercury saw two serpents 
entwined in mortal combat. Separating 
them with his wand, he thereby induced 
a state of mutual peace. As a result of 
this episode, the wand with two serpents 
intertwined came to be regarded as the 
sign of peace.’’ Macrobius,® however, 
evidently recalling the earlier Oriental 
tradition, says that the two serpents 
were ‘‘non dimicantes sed coeuntes 
pressis osculis ambitum circuli jung- 
unt’’! 

How singularly inappropriate is the 
use of his emblem by physicians may be 
realized by recalling some of his func- 

® Saturn. C. 19 f.—cited by Facciolatus and 
Forcellinus sub v. ‘‘Caduceus.’’ 


CADUCEUS 
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tions. As god of the high-road and the 
market-place Hermes was perhaps above 
all else the patron of commerce and of 
the fat purse: 
special protector of traveling salesmen. 
As spokesman for the gods, he not only 
occasionally 


as a corollary, he was the 


brought earth 
even the peace of death 

tongued eloquence could always make 
**the better 
From this latter 
not his symbol be 


peace on 
but his silver 
cause.”? 


worse appear the 


point of view, would 
suitable for certain 
Congressmen, all medical quacks, book 
agents and purveyors of vacuum clean 
rather than for the straight-think 
ing, straight-speaking therapeutist? As 
conductor of the dead to their subterra- 
would seem 


ers, 


nean abode.’? his emblem 
more appropriate on a hearse than on a 
And so one might go 


When but a new-born 


physician’s ear. 
through the list. 
baby, for instance, he escaped from his 
cradle and stole the oxen of Apollo; ex 
hibiting that tender the 
sinister quality of his genes. 

The following fair florilegium, culled 
from the ‘‘Homeric Hymn’’ to Hermes 
(Shelley’s translation illustrates a 
great unknown Greek’s judgment of one 
Apollod. II, 1, 3. 


was especially 


age 


even at 


10 Cf, his murder of Argus: 
11** As 
employed as mes 


an adroit speaker, he 

er, when eloquence was re 

desired object.’’ L 
412 


ng 

quired to attain the 

Schmitz, D.G.R.B.M., II, p. 
12 Od. XXIV, 1, ff. 





PHYSI- 


AS EMBLEM ON 


CIAN’S CAR. 


CADUCEUS 
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whose emblem so many of our medical 

men still employ. The good god himself 

meekly confesses that ‘‘ 
robbers.’’ Apollo cries: 

I fear thee and thy chameleon spirit... . 
Thieves love and worship thee it 18 thy 
merit 

To make all mortal business ebb and flow by 
‘*roguery’’ 

and he prophesies that 

This among the gods shall be your gift 

To be considered as the Lord of those 

Who swindle, house-break, sheep-steal and shop 
lift. 

A schemer subtle beyond all belief. 

I never saw his like either in heaven or upon 
earth for knavery or craft. 


To crown his character, he was a mur- 
derer.*® Perhaps one of his most ami- 
able characteristics, apart from his 
proclamations of ‘‘peace, peace’’ (occa- 
sionally when there was no peace), and 
his devotion to athletics, was his patron- 
age of the ancient and honorable pastime 
of craps, over which, in the Greek 
world, he seems to have presided with 
relative impartiality. But in whatever 


capacity, good or bad, he is exhibited 
with his two serpents, his relationship 
to medicine is tolerably near absolute 


zero. 

Far otherwise is the case with Askle- 
pios, the divine healer, invariably de- 
picted with the single snake, either 
coiled round his knotted staff, by his 
side, or being fed by his daughter Hy- 
geia, and whose whole ‘‘life’’ was self- 
lessly devoted to the amelioration of 
human suffering. He conducted no souls 
into the underworld. On the contrary, 
he was ultimately electrocuted by Zeus 
on complaint of Pluto, who averred that 
by his supernatural medical skill he was 
depopulating hell and so reversing the 
whole cosmic order! Nevertheless, so 
great was his celestial fame that, by way 
of compensation, he was forthwith trans- 
lated into heaven as a constellation, 
‘‘The Serpent-Holder.’"** It appears 

13 Apollod. loc. cit. 

14Sir T. Clifford Allbutt, ‘‘Greek Medicine 
in Rome,’’ p. 46. 


I am the king of 


superfluous to say that he was 
pictured in Greek or Graeco-R 
as bearing the Caduceus, an 
utterly foreign to him, and wit! 
at no time had he either direct 
rect connection. The very ter 
as wholly devoid of any medica 
tation whatsoever, has no plac 
Aesculapian vocabulary. 

Who he really was—whether 
man—is immaterial to our pu 


Classical students will realize t] 
as elsewhere in this brief paper, n 
than the baldest selection, out 
many and variant myths, has | 
tempted. It is hoped, however, t 
outstanding attributes of the resp: 
gods have been fairly adumb: 
Whether, as many scholars belli 
was originally no more than a T 
lian warrior who ‘‘turned’’ to m 
as in the Iliad, where he is m 


‘‘the blameless physician’’—he 
became a chthonic snake-god. Sir Jar 
Frazer, in his extended note on Pa 
nias II, 10, expresses his own judgn 
as follows. ‘‘It is tolerably certair 
originally Aesculapius was neither n 
nor less than a serpent, which at a 
time was transformed into an ant! 
pomorphie god, with a serpent syn 
. . The ancients explained the cor 
tion of the serpent with Aesculapius 
saying that it is the natural symbol 
the healing art, since it periodically 
news itself by sloughing off its « 
skin.’’ So in his note on ‘‘The Fast 
of Ovid (Vol. 2, p. 132): ‘*It was 1 
ural to suppose that a creature w! 
could thus renovate itself could also r 
new the energies and prolong the life 
the sick and suffering. ... So firn 


implanted in the minds of the ancients 


was this association of the renewal 
youth with the sloughing of the s! 
that both in Greek and Latin the ord 
nary word for old age was also app! 
to the slough of serpents.’’ There 
perhaps little doubt that the whole mat 
ter, in its ultimate analysis, is to be r 
ferred to phallic worship, with the se! 
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But to follow this 
would carry us too far afield. 

‘While the origin of the term ** Asklep- 
is uncertain, there is some prob- 

lity that it was derived from a Greek 


nt itself as phallos. 


' 


s 


rd meaning ‘‘the creeper,’’ 2.¢., one 
. walks by rolling round and round,’ 
He is rep- 


reverend 


n suggesting the snake. 


resented in ancient art as a 
bearded god,’® leaning heavily upon a 
thick knotted staff, around which a ser- 
sometimes seated, 


brought to 


ent is coiled; or 
while votive offerings 
him, with the serpent by his side. In 
is latter connection, every one will re- 


are 


ill the last poignant words of Socrates 
when, after drinking the hemlock in his 
prison and ‘‘already growing cold about 
the groin,’’ ‘‘he uncovered his face and 
spoke for the last time. ‘Crito,’ he said, 
‘T owe a cock to Asklepios: do not forget 
‘It shall be done,’ said Crito 
‘“‘who was the 


to pay it.’ 

’ and thus died one 
wisest and justest, and the best man that 
I have ever known.’’?? 

From Epidauros, the splendid seat of 
his chief healing shrine, Asklepios as a 
snake came to Athens in 420 B. C., and 
to Rome in 291, which latter event ulti- 
mately gave to the Western world the 
more familiar Latin equivalent ‘‘ Aeseu- 
lapius,’’ the progressive evolution of the 
term being somewhat as follows: 

(1) Aiselapius, (2) Aesclapius, (3) Aiseu- 
lapius,18 (4) Aesculapius (Cf. the older Epi- 
daurian form ’AirxAamids, and the Thessalian 
*AcxaAamws- 


Following the ravages of the pestilence 
at Rome in 293, an embassy was dis- 
patched to Epidauros to secure the ser- 
vices of the god, who in the form of a 

15 Allbutt, op. cit., p. 46. 

16 J. Harrison, ‘‘Prolegomena to the Study 
of Greek Religion,’’ p. 340 f. ‘*We conceive 
of Asklepios as he is figured in many a Greek 
and Graeco-Roman statue, a reverend bearded 
god, somewhat of the type of Zeus, but char- 
acterized by the staff on which he leans and 
about which is twined a snake. The snake... 
is the symbol of the healing art, and hence the 
attribute of Asklepios, god of medicine.’’ 

17 Phaedo, LX VI. 

18So spelt at Insula Tiberina. 


A 


| ri : 


- ———$ 


AESCULAPIUS. 


length brought in great 


state by ship up the Tiber ;’* 


snake was at 


and him 
self sliding overboard and selecting the 
Insula Tiberina as his home, was forth- 
with the Pantheon, ‘‘the 
first instance of the having 
adopted a cult from the Greek mother 
eountry.’’ According to Professor 
Thrimer, of Strassburg, from 
work”® the above citation is taken, there 
were no than 410 localities 
nected with his cult, testifying at once to 

19 Cf. Livy, Epit, XI. 

20 Encl. R. E. VI, pp. 550, 554. 


received into 


Romans 


W hose 


less con- 
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the enormous expansion of the popular the Royal Army Medical Corps, 
belief in the powers of ‘‘the Beloved by the French Medical Military § 
and to the fact that ‘‘the But in 1856 the two snakes o) 
re-appear, this time on the chevy: 
hospital stewards of the U. § 
later, on the seal of the U. § 


Physician,’’ 
serpent is the perpetual symbol of Aes- 
culapius.’’*? 

How, then did his symbol become con- 
fused with that of Hermes: a phenome- Health Service, and in 1902 o; 
non, so far as I know, confined to-day forms of the U. S. Army med 
entirely to the United States? Accord- cers. From these sources, ap; 
ing to Engle,?? the earliest instance of the erroneous symbol** extend 
the confusion is that of the famous nearly the whole of the Ameri 
Swiss medical printer, Johann Froben ical profession, large numbers 
(1460-1527), who, evidently familiar still believe that what in realit 
with Hermes’ Caduceus and also with emblem of the god of thieves 
the New Testament, pictured in his pub- the immortal healer, ‘‘the b 
lieations a two-serpented wand, sur- Physician’’ of the Iliad. 
mounted, not by wings but by doves: As one recalls the cumulativ: 
and over all, as obviously excellent ad- plishments of their respective 
vice for physicians, the Greek original throughout the ages, from the pr 
of the saying of Christ, ‘‘Be ye wise as incubatio of Epidauros to the tr 
serpents and harmless as doves.”’ But © modern preventive medicine 
in reality there appears no reason to be- C® hand, and from the petty 
lieve he intended his device as the sym- of Hellas to the highly organiz 
bol of either Aesculapius or Hermes. ditry of to-day = the other ; to tl 
On the contrary, it would seem quite lower, whether of Asklepios or 
clear, from the plural number both of ™®s, it might significantly be said 
serpents and doves, taken with the words 


H 


20th century, as in the 18th, the epit 
. over the doo St. Paul’s Cathedral : 
of the overarching motto, that he had é * e ts! eo 7. ith 
, , minded those w sired a mag 
constructed his own symbolism for the mt oy —— ‘adie 
, : mausoleum for the great architect of 1 
emblem. However this may be, hisfame , : ~~ er pedhaa 
famous edifice, ‘‘Si monumentun 


appears in some measure to have set a 7 agghl ae 
gp gre . quiris, circumspice!’ 

precedent; for Sir William Butts, physi- d I 
sian to Henry VIII, employed the er- : ; 
» 1 few veare lat use in the Army Medical Corps were full} 
roneous signum; and a few years later it was the symbol of Hermes, and did 


Dr. John Caius presented to Gonville tend this non-medical emblem which thes 


24 The contention that the originators 


and Caius College, Cambridge, a silver 0n the collars of medical officers to hav: 
medical significance whatever, is at o1 


Caduceus, as to the significance of which , : 
3 : et a : on and irrelevant. Because (without entering 
he wrote his own Latin interpretation.” 4, symbolism which they attached to it 
We do not hear of it again until 1844, well nigh inevitable, in spite of all hypot 
when it appears on the title-pages of disclaimers, that the Caduceus, superficia 
the medical publisher J.S. M. Churchill, similar to the Aesculapian staff, and now 
‘ ployed by ‘‘Government medical officer 
of London; and so far as the present should soon come to be generally regarded 
writer is aware, this is the last that is a symbol of the medical profession’? in get 


heard of it in England ; for the true (Dorland, ‘‘The American Illustrated M: 
Aesculapian emblem is used to-day by Dictionary,’’ latest edition, s.v. ‘Caduceus 
i and thereupon, by easy stages, to be widel: 
21 Schmitz, Op. cit. Vol. I, p. 45. cepted as the emblem of Aesculapius himse!t 
22 Op. cit., p. 207. Cf. also ‘‘ Annals of Med- And this is exactly what appears to have | 
ical History,’’ Vol. IV, p. 301 ff. pened. 
23 For its text, Cf. Classical Journal, Vol. 25‘*The patron-god of thieves, liars and 


XXV, p. 207. frauders.’’ Farnell, op. cit., V, p. 23. 
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s that magnetic Tore: 
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of this force may also 
ts inductive magnetic act 
rial highly susceptible 
n, for example, an alloy 
great capacity for transient 
d magnetization in weak magnetic 
ds such as that of our planet. Perm 
y has been developed in recent years 
supply the need of such a material to 
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is in the direction least favorable to 


duction, it loses the magnetism induced 
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‘+h metal strips, wl 
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the first European treatise on the magnet 
written about 1269. 

That property of the magnetic field of 
the Earth to the 
pass-needle was thus utilized some cen 


viving direction com 


began. his 


before VO) 
to the He, 


however. was the first to determine that 


turies Columbus 


ages western hemisphere. 
the compass did not point true north 
except in We all know 
the story of the threatened mutiny on 
when the 


west 


certain places. 
first transatlantic 
crew saw the compass pointed 10 
of true north 
cated by the pole-star, and how appar 
ently he shifted the compass-card on it 


his vovage 


north as indi 


instead of 


needle during the following night, thus 
quieting the fears of his men and induc 
ing them to continue. But even to-day 
there are many who think of the com 
pass needle as showing direction ‘‘true 
to the pole of the heavens or the polar 
star.’’ 
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inclination was un 
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the deelinving of the Ni 


therewith under the plaine ot! 


zon.’’ His discovery that 


needle, when mounted on 


axle so as to be free to mov 
tical plane, dipped below 
vave the first hint that the 
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lobe not 
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1600, however, that William Gill 
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pointed out that the Earth itselt 
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Where we apparently must look 
for explanations of those constantly oc 
curring regular and irregular variations 
with time of the magnetic field which are 
the subject of this paper 

That our magnetic field is subject to 
progressive change or secular variation 
that is, a slow age-long variation, was 


first noted by Gellibrand in 1634 Ina 


book published in London (June 12 

1634) entitled *‘.A Discourse Mathemati 

eal on the Variation of the Magnetieal 

Needle Together with Its Admirable any period over which a 
Diminution Lately Discovered’? he ai is observed. It may be for 
nounced for the first time that ‘‘ Varia vears, for months, for days, 
tion is accompanied with a variation.”’ xr for any other period repres 
Besides the secular variation, other mors straight reference-line 
or less regular time-changes include 7, to 7, in Fig. 2 


daily inequalities, taking place chiefly 





during daylight hours and varying in 
magnitude and character with geo 
graphic position, with the seasons of the 
vear, and with disturbances on the Sun 
There are also short-period, long-period 
and sudden-commencement disturbances, 
commonly designated magnetic storms, 
apparently accompanying solar disturb 


ance and other cosmieal phenomena. 








GRAPH OF DATA VARYING 
WITH TIME 


Much of what is known concerning 
time-changes ean best be visualized 
graphically. Many of the photographic 
records upon which conclusions are 
based are in effect motion pictures of the 
experiments constantly being performed 
by Nature in her great laboratory. It is 
therefore desirable to give first some ex 








planation of one method in common use 


to represent any quantity which varies MAGNE’ VARIOMETER 


with the passing of time or with some 
other variable. Consider, for example 
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l needle are 
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SMALLER PERIODIC VARIATION 


DAY AND ANNUAI 
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\Mioon’s position 
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average daily influence of the Sun on 
the magnetic force as revealed by the 24 
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a moon to the This interval is, on 
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solar day; for convenience, we divide 
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means the ¢ ve in one year due t station, during 
secular variation. T annual variatio) defined as 
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INTRODUCTION 





OnE of the most fascinating develop- 
ments in modern medical history has 
been the recent clinical application on a 
scientific basis of the larvae of the blow- 
fly. Contributing largely to this fascina- 
tion, of course, is the conception of this 
insect playing a beneficial rather than a 
harmful réle with respect to human dis- 
ease. Whereas efforts were formerly 
directed wholly towards fly control and 
fly destruction, increasing interest is cen- 
tering on methods of optimum jyear- 
round breeding and, what is practically 
a new field, methods of producing larvae 
free from bacterial contamination. In 
fact, this latter movement has gained 
such an impetus that the Bureau of 
Entomology, U. 8. Department of Agri- 
culture, is conducting an extended inves- 
tigation of the blow-fly in its new rela- 
tion to medicine. 


HISTORICAL 


Although due recognition must be 
given to Dr. William Stevenson Baer for 
having the courage to treat patients with 
maggots in civilian practice and for 
carrying out the pioneer work necessary 
to make the treatment available to the 
medical profession, the observation that 
maggots are helpful in curing disease 
had been made previously, as evidenced 
by notes in the literature. In retrospect 
it is interesting to review these briefly. 

After the battle of St. Quentin (1557), 
Ambroise Paré 


found the wounds excessively fetid and full of 
worms with gangrene and corruption; For 
more than half a league around the earth was 
covered with dead bodies, ...we were the 
cause of a rising up from the bodies of a great 


THE CLINICAL APPLICATION OF BLOW-FLY 
LARVAE 


By Dr. EDWARD F. ROBERTS 


ASSISTANT DIRECTOR, LEDERLE LABORATORIES, INC., 

















PEARL RIVER, NEW YORK 









f rendered byw the 1 et 


number of large flies g 


of the bodies and the heat of the sun; they had 







green and blue bellies and when t er 

the air they cast a shadow on the sun It was 
wonderful to hear them buzzing, and wherev 
they settled they made the air pestilent and 





there they caused the pest. 






D. J. Larrey, the famous military sur 
with 





geon of Napoleon’s armies, notes 
respect to the French campaign in Syria 
(1799) in his ‘‘ Memoirs of Military Sur- 


7 


very 








During the progress of suppu 
troubled by worms or 
n Sy ria. The hatch 


flies constantly 


ration, the pa 





tients were only larvae 
of the blue flies common 
ing of the eggs, which these 
deposit in the wounds or dressings, was assisted 
by the heat of the weather and by the quality 
of the dressings, which were of cotton, which 
alone could be procured in this country. The 
presence of these insects in the wounds appeared 
to accelerate their suppuration; but they caused 
and ob! to dress 
day. They are pro 


such 













a disagreeable pruritus, 
them three or four times a 






duced in a few hours, and increase with 
rapidity that in the course of a night they 
grow to the size of the barrel of a small gquil 





It is necessary, at each dressing, to use lotio 






of a strong decoction of rue with a small por 


tion of sage, which destroys them; but 

were soon reproduced for want of proper means 
to prevent the approach of the flies and to 
destroy their eggs. Although these insects were 
troublesome, they expedited the healing of the 
wounds by shortening the work of nature, and 


causing the sloughs to fall off. 





they 









In his ‘‘ Curiosities of Medical Experi 
> J. C. Millingen writes: 





ence, 






During the retreat of our troops after the 
battle of Talavera (1809), I found the wounds 
of many of our men, that had not been dressed 
for three or four days, pullulating with maggots. 
This was not the case with the Spanish soldiers, 
who, to prevent this annoyance, had poured olive 
oil upon their dressings. I invariably resorted 
to the same practice when I subsequently had 
to remove the wounded in hot weather. 













rag 


+S Ps 4 


Perhaps the first intentional use of 
maggots ascribed to J. F. 
Zacharias, a surgeon in the Confederate 
Army, who Civil War 
experiences: 


may be 


writes of his 


During my service in the hospital at Danville, 
Virginia, I first used maggots to remove the de 


cayed tissue in hospital gangrene and with 


eminent satisfaction. In a single day they 
lean a wound much better than any 
command. I used them 
I am sure I saved 


escaped septicemia, and 


would ¢ 
agents we had at our 
afterwards at various places. 
many lives by their use, 
had rapid 


recov eries. 


About 30 years ago there was a famous 
surgeon in South Chicago whose name 
was Larkin. Whenever be- 
eame filled with maggots in the summer 
time, it was his practice to remove the 
dressing, clean off the wound with alco- 
hol, brush the maggots into the wound, 
and re-apply the dressing. His results 
were good and the treatment was used 
not only in osteomyelitis but in chronic 


dressings 


septic cases as well. 

Thus I might go on citing many other 
experiences, but Dr. Baer’s original ob- 
servation overshadows all the others in 
its intensity. Lest any of the graphic 
details might be omitted, I shall relate it 
in his own words: 


BaErR’s ORIGINAL OBSERVATION 
During the late World War an observation 
which I made among the wounded soldiers led 
me to believe that the prevention of an infec- 
tion and the curing of an infection could be 
brought about by means other than chemical. 
At a certain battle during 1917, two soldiers 
with compound fractures of the femur and large 
flesh wounds of the abdomen and scrotum were 
brought into the hospital. These men had been 
wounded during an engagement and in such a 
part of the country, hidden by brush, that when 
the wounded of the battle were picked up, they 
were overlooked. For seven days they lay on 
the battlefield without water, without food, and 
exposed to the weather and all the insects which 
were about that region. On their arrival at the 
hospital I found that they had no fever, and 
that there was no evidence of septicemia or 
blood poisoning. Indeed, their condition was 
remarkably good, and if it had not been for 
their starvation and thirst, we would have said 
they were in excellent condition. When I 
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noticed the extent of the wv 
particularly, I could not | 
condition of 

of eomr 


constitutional 
that time, the mortality 
of the femur was : 

when the 

surgical care that 
provide. This 1us 
tracted my attention. 


hi aman who 
ays with a compound fra 
without food and water should 


and of 


clothing from the 


evidences of sepsis. 
wour 


surprise to see the wound 


e 
and thousands of maggots, appa 


maggots 


These 


entire 


the blowfly. 


and filled the wounded 
was very disgusting and measu 
} 


hurriedly to wash out these ab 


creatures. Then the wounds were irr 
normal salt t 
picture was presented in the 


Inste 1d 


as one Wo 


solution and the most 
wound which was exposed. 
a wound filled with pus, 
the degeneration of 


the ¢ + 


presence oI l 


pected, due to 
and to 
types of bacteria, these wounds wer: 
the most beautiful pink granul: 
could There w: 
bare bone to be seen and the inter 
of the wounded bone, as well as 
red 
rosy granulation tissue which fill 
Bacterial cultures 
found a few staphylococci 


tissue 


one imagine. 


ing parts, was entirely cov: 


made, an 
} 


and strept 


were 


remaining, they were very few in 1 
not sufficient at that to cause 
tion. These patients went on to healir 
withstanding the fact that we 
friends which had been doing such nobk 


time 


remove 


PIONEER INVESTIGATION 


The experience just cited made 
delible impression on Dr. Baer’s 1 
In September, 1928, four children « 
to the Children’s Hospital School, B 
more, each one of whom had been op 
ated on three or four times for chro 
osteomyelitis and treated over a per 
of from one to five years. Being bafil 
by the means usually employed in tr 
ing such cases, Dr. Baer thought it tim 
to put to practical use the observatior 
he had made on the battlefield. First, a 
thorough operation was performed wit 
removal of all dead tissue that was acces 
sible. No antiseptics or chemicals of an) 

















1 were used, since it was desired to 


give the maggots full credit for any im- 
provement that might be noted. Larvae 

the blow-fly were obtained from the 
immediate neighborhood and without 

ny attempt at sterilization they were 

ced in the wounds. At the end of 

out six weeks, the wounds had entirely 
ealed, not only in the deeper structures 
but even as to the skin. 

In some of the early cases, however, 

rtain secondary infections, particu- 
larly those caused by anaerobes, were 
encountered. In three cases gas bacilli 
were found in the wound. This was dis- 
concerting, but the patients showed no 
clinical evidence of gas gangrene. How- 
ever, experiments were discontinued 
until the problem could be solved. Six 
guinea-pigs were inoculated with gas 
bacilli and then treated at various inter- 
vals with maggots. All these guinea-pigs 
made a rapid recovery with complete 
function in the infected parts. There- 
fore, gas gangrene infection was not 
feared and treatment was resumed until 
suddenly tetanus (lockjaw) bacilli were 
discovered in eight cases. All wounds 
were immediately washed out and the 
patients given tetanus antitoxin. Four 
cases showed no clinical symptoms, but 
two progressed to severe lockjaw. One 
of these who had advanced tuberculosis 
died, notwithstanding the administration 
of large doses of antitoxin. The other 
ease finally made a complete recovery 
after a long bitter struggle against the 
infection. It was then realized that in 
civil practice it would be necessary to 
have sterile maggots, and that to insure 
a constant supply, both winter and sum- 
mer, flies would have to be bred in the 
laboratory. 

At first attempts were made to sterilize 
the maggot itself, but this proved diffi- 
cult and the conclusion was reached that 
organisms were carried in the intestinal 
tract where they were inaccessible to the 
sterilizing solution. A technique was 
then devised whereby the fly eggs were 
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disinfected in a bichlorid f mereu 
solution and the hatched maggots 

proved by bacterial cultures to be free 
from organisms. Using larvae disin- 
fected in this manner, Dr. Baer pro- 
ceeded with the treatment of chronic 
osteomyelitis until his death in April, 


1931, when he had accumulated well 
200 cases with 95 per cent. cures in cl 
dren and 85 per cent. cures in adults 


His pioneer work was so well carried ou 
and the fame of his clinie spread so far 
that even his death did not diminish th: 
increasing interest in maggot therapy 
To-day the treatment is being applied 
throughout the United States, with sev- 

eral hospitals raising their own maggots, 

and the success attained in this country 

has prompted inquiries from surgeons in 

such far distant localities as Sweden and 

the Philippine Islands. 

BREEDING OF FLIES 

A constant supply of fertilized eggs 
for disinfection is insured only by care- 
ful attention to methods of fly breeding. 
We have found environmental factors, 
particularly temperature and humidity, 
to be fairly important and therefore our 
incubators are regulated for a tempera- 
ture of 80° and a humidity of 50 per 
cent. At first ventilation was thought to 
be essential, but experience has not 
shown this to be the ease. Artificial 
illumination is provided by spacing elec- 
tric light bulbs between the side windows 
of the incubators. At one time in our 
early work we resorted to ultra-violet 
light as a stimulus for egg-laying, but 
under normal conditions ultra-violet ir- 
radiation is not necessary. 

The most satisfactory type of fly cage 
is one of light wooden framework with 
a durable mosquito net covering. A 
small door allows the passage of a Petri 
dish containing food in and out of the 
cage and at the side of the door a hole is 
bored just large enough to accommodate 
a glass vial. Daily rations for the flies 
consist at present of a sugar-water mix- 
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ture in which the white of an egg is 
whipped. The tendency for the flies to 
drown in the fluid is obviated by placing 
a piece of porous sponge rubber in the 
We have tried out various types 
strained honey, 
but the 


dish. 
of foods, including yeast, 
orange juice and ripe banana, 


recipe now in use seems to answer best 


the requirements for readily available 
carbohydrate and protein. For the pur- 
pose of egg-laying, the flies are provided 
with a strip of meat folded several times 
on a toothpick and placed in the glass 
vial. The folding of the strip is intended 
to humor the flies, since they endeavor to 
hide their eggs among the wrinkles of the 
meat. Raw beef is used by most labora- 
tories, but we have found hog spleen to 
be more nutritious and more conducive 
to good egg-laying. 

Our studies have been concerned 
wholly with two species of the blow-fly— 
Phormia and Lucilia, which I trans- 
ported from Baltimore a year ago as 
eggs and pupae. In our laboratory the 
stages in the life cycle have proved to be 
quite variable. The eggs hatch in 8 to 
24 hours, average 16 hours; the larvae 
reach maturity in 5 to 9 days, average 7 
days; they remain in the inactive pre- 
pupal state for a few days before gradu- 
ally transforming into pupae. The 
average duration of the pupal stage is 
Oviposition takes place within 
emerge 
weeks. 


six days. 
five to seven days after the flies 
and continues for about three 
The entire metamorphosis of the blow- 
fly, therefore, requires from twenty to 
thirty days. 

For breeding stock, fly eggs are trans- 
ferred with the meat on which they are 
laid to a glass jar in a dark compart- 
ment. We have endeavored to breed 
larvae on various kinds of sterilized 
media, such as a chopped beef-calf brain 
medium, but anything other than native 
protein seems to yield flies with impaired 
vitality. When the larvae have become 
full-grown and have ceased feeding, the 
jars are placed in deep enamel contain- 
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ers, surrounded with sawdust, t] 
cloth covering of the jar 
the larvae allowed to migrate 
sawdust of their own aceord. T} 
of the enamel container 
the top with vaseline to restrain 
individuals seized with the waz 
The sawdust is examined two 
times each week for the 
pupae which are transferred to sti 
fly cages for hatching. 


remoy 


is rimmed 


pre Se] 


DISINFECTION OF Maacors 


Of course, the 
are disinfected to 
maggots for the surgeon’s usi 
description of the technique folloy 
taken from an article by Child and R 
erts, which was published in the J, 
York State Journal of Medicine 
August 1, 1931. 


vast majority of 
procure 


ecos 


The main problem involved in preparing 1 
gots suitable for clinical application is th 
of a disinfecting procedure that is bacter 
without being insecticidal 
attention was turned toward the 
of a procedure which would result in a 
mum of bacterial contaminations and as 1 
as possible a 100 per cent. hatch of the « 
fected eggs. After extensive experiment 
the following technic was devised: 

Fly eggs laid by the species enumerated 
on either hog spleen or raw beef are ren 
by gently brushing off the clumps with th 
end of a tooth pick into a beaker of ste: 
distilled H,O. The water should be at at 
perature of 4° C. to prevent hatching of 
eggs before disinfection takes place. 

The apparatus for disinfection consists of 
covered Gooch crucible attached to a filter t 
by means of a thin-walled rubber tubing « 

The crucible and cover are sterilized separatel) 
the crucible containing a small piece of 
mesh cheesecloth placed over the perforat 

A short piece of ordinary rubber tubing is « 
nected with the lower end of the filter tul 
which, with collar tubing attached, is immersed 
in 3 per cent. phenol when not in use. Whe! 
the crucible, cover, and filter tube have bee! 
assembled, a pinch clamp is attached to 
small-sized rubber tubing and the apparatus 
ready for disinfection. 

Approximately 1100-1200 eggs are trans 
ferred to the cheesecloth layer in the crucib 
and are rinsed several times with sterile dis 
tilled H,O (temperature 4° C.) to mechanically 


deve ] pl 
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The pinch clamp is tightened 


ve bacteria. 
x clumps are thoroughly disintegrated 


5 
a 


he eg 
gitating them in 3-4 ec of a sodium 
chlorite solution yielding 0.5 per cent. 
lable chlorine. Complete separation of the 
1! effected in 4-1 
rtant in that it makes the whole surface of 
available to the action of the disinfect- 

ing agent. After clamp, the 
ggs are thoroughly rinsed with sterile distilled 


tly 


y gent 


minute, and is im- 


Ds Ls 


h eg 


oo 
od 


loosening the 


H.O to remove all traces of chlorine, the clamp 
s re-tightened, and a neutral solution contain- 
ng 4 per cent. formaldehyde added to fill up 
e crucible. The eggs are exposed to this dis- 
infectant for 3 then the 

sened, and the eggs are rinsed a third time 
distilled H,O. All 
procedure are used at a temperature of 


minutes, clamp is 


with sterile agents in the 


b ve 


As soon as most of the fluid has drained off, 
the piece of cheesecloth holding the disinfected 
eggs is transferred with sterile forceps to a 
2 oz. bottle containing about 4 ce of a sterile 
semi-solid medium. 
per cent. agar and desiccated liver. 
has shown that poor hatching results if the 
cloth with eggs is dropped on the medium and 
therefore the bottom surface of the moist cloth 
that it will adhere to the 


The medium consists of 1 
Experience 


is smoothed out so 
bottle wall. 

The bottle is then placed in a hatching incu- 
bator (regulated for temperature, humidity, and 
ventilation with exclusion of light). Twenty- 
four hours later hatching is completed and the 
tiny maggots are tested for sterility by inocu- 
lating duplicate sets of fermentation broth 
tubes for detecting aerobes and deep meat tubes 
for detecting anaerobes. 

After sterility-testing the bottle of maggots 
is returned to the incubator for another day of 
growth and then the bottle is transferred to 
the chill room (temperature 4° C.) to await the 
results of the sterility tests. Each bottle is held 
whenever possible for a 4-day reading on the 
sterility tests before it is shipped. On the 
average, the technic as described above results 
in 90 per cent. hatches free from bacterial con- 
tamination.2 It must be remembered that each 
bottle is subjected to a 4-tube test and if only 
one of these tubes shows a contamination within 
4 days after testing, it is not released. More- 
over, all tests are actually held in the incubator 
7 days as a check on the dependability of the 
sterilizing process. The hatch after disinfec- 
tion varies between 90 and 100 per cent. of the 
hatch observed from non-disinfected eggs, the 
fertility of the eggs being comparable. 

The method of shipment consists in packing 


1 The chlorine dissolves the albuminous coat- 
ing that holds the eggs together in clumps. 
2 Average now 95 per cent. 


medium in 

growth of 

viability, they remain d 
mately the same 2-day 
they are shipped, an 
the wound \ 

by the wound s« 
arrival, a bottle 
icebox at 4 

tation if 

desirable 

not be 


certainly 


can 
cedure is 


remains more 


ATTRIBUTES OF Macocot THERAPY 


The question naturally arises in your 
minds, ‘‘What are the specific benefits 
of maggot therapy?’’ As expressed by 
Dr. Jacob Myers at the Illinois State 
Medical Society meeting, May 6, 1931, 
‘‘the maggot treatment is advocated as 
an economical, efficient form of therapy 
which produces healing without drain 
ing sinuses in the shortest length of time, 
with the quickest return of function and 
the least retraction of the scar of any 
treatment in use at present.’’ Maggot 
therapy succeeds in accomplishing what 
failed to do 
remove 


namely, to 
necrotic 


surgery has 
eliminate bacteria and 
Bacteria probably are destroyed 
in several ways. One of the first effects 
to be noticed in the wound is a change 
from an acid to an alkaline reaction, 
presumably due to the vigorous produc- 
tion of ammonia which accompanies the 
liquefaction of meat by larvae. Dr. Baer 
believed that the alkalinity was partly 
for the killing of micro- 
Undoubtedly the 
destroy bacteria mechanically by ingest 


tissue. 


responsible 
organisms. maggots 
ing and digesting them. Possibly also a 
soluble substance is excreted which has 
a definite germicidal action. Certain it 
is that bacterial taken weekly 
show a marked progressive diminution 
The end result 


counts 


in the number present. 
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of this germicidal action is that the mag- 
gots themselves can live in contact with 
the wound only a few hours after several 


implantations. 

The removal of dead tissue by the mag- 
gots is almost phenomenal. This is as- 
sisted by the necessity of the blow-fly 


larva to liquefy its food, accomplished 
by the liberation of proteolytic enzymes. 
Thus the wound secretions are greatly 
increased, providing adequate drainage. 
Unlike the surgeon’s knife or the chemi- 
eal antiseptic, the maggots discriminate 
between the living and the dead tissue. 
Thus they seek out hidden pockets of 
infection which might otherwise per- 
petuate the disease. They separate dead 
particles of bone and feed on devitalized 
tissue until they arrive at the bleeding 
area. The efficient removal of all ne- 
erotic tissue allows the natural processes 
of repair to operate unhindered. Red- 
dish compact granulation tissue grows 
over and attaches itself to the healthy 
bone and the wound fills up from the 
bottom, leaving the epithelium to merely 
grow over the surface. Thus the contour 
of the wound resembles the original 
shape of the part and disfiguration from 
deep pitting scars is relatively infre- 
quent. 

There is no purulent odor to the treat- 
ment and free pus is never apparent. A 
few patients have described a slight bit- 
ing sensation possibly due to the proxim- 
ity of the maggots to a sensory nerve. 


Another disadvantage reported 
an occasional rise of temperat 
third or fourth day following 
tation. This thermal respons 
correlated with profuse dischar 
the wound and is thought to 
by insufficient drainage. 


INDICATIONS FOR Maaaor TT) 


1 


I have purposely chosen 
‘*Clinical Application of B 
vae’’ instead of the ‘‘ Larval 
of Chronie Osteomyelitis,’’ 
believe that maggot therapy is ay 
to many other suppurating and 
ing types of wounds. It can 
denied that the case is proven 
osteomyelitis, but evidence is raj} 
cumulating to show its effectiv: 
other diseased conditions. Bas 
series of seven tuberculous cas‘ 
Baer concluded as follows, ‘‘In 
tuberculous abscesses, with or w 
secondary infection, wide exposur 
lowed by maggot treatment has p 
surprisingly effective.’’ Not only 
tuberculous lesions receiving at 
but also chronic leg ulcers and even 
buncles are being treated in s 
clinics with most gratifying results 

With the growing realization t! 
powerful ally is now available to the | 
in its struggle against the parasite (| 
terium), I firmly believe that magg 
therapy will find a wider and wider f 
of usefulness. 
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inadequacies oO pres 
lar need no comment. Decisive steps 
ire being taken toward its revision, by 
» League of Nations and by infil 
yuntris 


ent] 


in er s. The 


reanizations 


to a new calendar, more simple 


many 


nd useful, is inevitable. When it comes, 
t is of the utmost importance that the 
device should be as perfect as it can 
made. Absolute simplicity is unat- 
tainable, because day and year, week 


are in- 
By 


lunar month and year, 


ind year 


ecommensurable periods of time. 


simple adjustments and conventions, 
however, the difficulty can be overcome 
and a close approximation to perfection 
and simplicity attained. 

Of the two alternative plans now most 
favor, each has avoidable imperfec- 


One, the thirteen-month plan, has 


t1ons. 
the very great advantage of fixed asso- 
ciation between week-day and month- 
date, since every month begins on Sun- 
day and has 28 days. But it does not 


adapt itself easily to an even division of 


») 


the year into quarters, which is desirable 
the astronomical fact 
them- 


for two reasons: 
that the 
selves ; and the common commercial prac- 
of businesses 


seasons do so arrange 


conducting various 


tise 


with reference to quarterly periods. The 
other, known variously as the Swiss 
Calendar, the World Calendar, or the 


New Era Calendar, has the advantage 
of an even division of the year into 
quarters, two months in each quarter 
having 30 days and the other 31. But 
it involves the disadvantageous retention 
of a disparity between week-day and 
month-date, although to a much less con- 
fusing degree than the present calendar. 
Both systems propose to fill out the year 
by insertion of an intercalary ‘‘year- 
day’’ each year, belonging to no month, 
and of a similar intercalary ‘‘leap-day’’ 


in leap years. The New Era proposal’ 
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seeks to meet « n! . 
by calling tl . 
years by successive ( l 
the ‘‘leap-days . 
periods by then sive \ 
names, thus ad r ! 
the other we Ss Ol 
a further “‘ieap-\ 
eight years This w ' 
peculiar situation of 

ose su PSS VE a ve r y ’ 
years apart, and rting be 
Sunday, December 31 1 Mon Ji 
uary 1, every year, a week-day « d 
Tuesday, or Friday, or any 
day name in its tun 

Probably one reason wi! I 
form has not met with more rapid 
enthusiastically ted progress has been 
the conflict of the two systems pro ed 
and the fact that each falls short « 
completely acceptable syste! A dey 
possessing tl e advantages ol both 1 1 
the imperfections of neither ought t 






have a much better chance of early adop 












tion. Such a device is entirely feasib! 

and involves changes that al hardly 
more numerous and radical than those 
necessitated by either of the others. Its 
individual features, of cours h per 
haps one or two exceptions, have been 
thought of by others already As a 
whole, it more nearly resembles a scheme 







suggested in 1910 by T. C. Chamberlin, 
than any other; but in some importar 
ways I regard it as better. As a total 
assembly, so far as I am aware, it Is new 


riate that 1 





+ 







and it seems to me appro] t 
should be baptized with the name of the 
city in which the idea of it was born, 










and be known, therefore, as the Provi- 
dence Simplified Calendar. Should it 
meet with sufficient support to secure 
1 Howard C. Warren, Science, n. s., 47: 375 
377, 1918; and THE 8 IFIC MONTHLY, 
440-442, 1931. 
2 Science, n. s., 32, page 757, 191 
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eventual adoption, just as dates under 
the Julian calendar are called Old Style 
(O. S.), and those under the Gregorian 
ealendar are called New Style (N. 8.), 
so under this one they could be called 
Simplified (or Scientific ) Style (S. 8.). 

The largest attainable perfection, it 
would seem, ought to include the follow- 
ing features: (1) The calendar for all 
years to be the except for the 
introduction of a leap-day at 
2) Beginning 


Same, 


regular 


intervals as at present. (2 
of year to be replaced where it astrono- 
mically belongs, at the winter solstice. 


(3) Year divisible into even quarters, 
both for astronomical and for business 
reasons. (4) Retention of twelve months, 
each of exactly four weeks and of exactly 
28 days. (5) Inelusion of an exactly 
even number of weeks in the year. 

At first sight, this combination seems 
to be impossible. It is feasible, neverthe- 
if we introduce three conventions 
“an be 


less, 
against which no strong reasons 
alleged, in addition to the already ac- 
cepted convention of leap-day. First, 
let each quarter begin with an intercal- 
ary or seasonal week, belonging to no 
month. Second, let New Year Day, and 
Leap Day when it occurs, also belong 
to no month, but be regarded as zero-day 
of the week which follows. Third, let 
each of these intercalary days be called 
Sunday, to be followed by Sunday the 
first of the week. Thus there would oc- 
eur, once each year and twice in leap 
years, a Double Sunday. This Sunday 
would be astronomically two 24-hour 
days. But, for religious and legal pur- 
poses, it could be taken symbolically as 
one 48-hour day. Such a convention 
would emphasize the importance of the 
Sabbath rather than interrupt its regu- 
lar recurrence, and would give the year, 
in the only way possible, an exactly even 
number of weeks. We are accustomed 
already to the convention of a 23-hour 
day and a 25-hour day each year, in- 
volved in the adoption of the daylight 
saving plan. It would be quite as easy 
to adapt ourselves to a 48-hour day once 
or twice a year. 
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Most of the other ‘‘simplified 
dars’’ that proposed 
January 1 as New Year Day, 
insert the extra Year-Day as t] 
of the old year. There are no y ry 
reasons for doing this, when s 


have been 


more of meaning will attach to t 
if treated in the manner that I su 
Historically, the beginning of t 
has moved around throughout t 
calendar. It is only accident w) 
placed it in its exact present posit 
But there is a significance, inexact 
plied, that has determined its pla 
represents the occurrence of the 
and shifted 
the day when that event occurs 
true the 
farthest position south of the equ 
and begins to return, with promis 
new warmth and new growth, to 1 
ern latitudes. From far pr: 
times men have made this event 
easion for celebration and rejoicing 
We ought to restore this immer 
meaning of ‘‘New Year,’’ which n 
northern climes will never outgrow 
placing it at what we know to b 
exact and proper date, as nearly 
ean be done. Because of the cire 
stances which necessitate leap-years 
actual solstice falls 
eember twenty-first, sometimes on 
twenty-second. Of these two days | 
tween which we have to choose, 
earlier of them, December twenty 
seems the more appropriate. It has th 
added great advantage of leaving 
full business days between the Dou! 
Sunday and Christmas day, whereas tf 
choice of the twenty-second would leave 
but one. This change will involve, it is 
true, dropping eleven days out of 
year when the new system goes int 
effect. But this is a simple device whic! 
has been applied before without an) 
disastrous effect: in 1582 in Cathol 
eountries, in 1752 in England and 
America.* The best time to do it would 
8 Gregory XIII, ‘‘ perceiving that the measur 
was likely to confer a great éclat on his por 
tificate, undertook the long desired reforma 
tion’’ (Encye. Brit., ed. 11). The change went 


solstice, has become 


solstice, sun has reac] 


sometimes on D 














when December 21 falls upon a Sat- 

lay. This will occur in 1935, next in 
1940, and again in 1946. In the first 
i of its adoption the day would be 
ed Saturday, New Year Day, 1936, 

r 1941, or 1947. Thereafter, it would 

ways be Sunday, New Year Day of a 
new year, to be followed by Sunday, 
Winterweek 1, and a week later by Sun- 
day, January 1, which would no longer 
have any ‘‘new year’’ significance. 
Christmas, another symbol of birth and 
of beginning of new and better things, 

mld come appropriately after New 
Year Day, falling always conveniently 
m Wednesday, the fourth day of New 
Year Week, or Christmas Week, or 
Winterweek, or whatever it may be 
ealled. This would leave it in exactly 
the same position in the astronomical 
year which it now occupies—four days 
after the solstice. 

The year begins, then, at the winter 
solstice, with New Year Day, always a 
zero-Sunday. After it follows Winter- 
week, beginning with Sunday the first 
and ending with Saturday the seventh. 
Then follow three months, January, Feb- 
ruary and March, each beginning with 
Sunday the first and ending with Satur- 
day the twenty-eighth. There is always 
exact fixity between date and week-day. 
Next comes Springweek, or Easter Week, 
or whatever it may be named. Its first 
day, Sunday, will correspond as nearly 
as possible to the time of the vernal 
equinox. It will be followed by three 
months of 28 days each, named as at 
present. Next, when necessary, comes 
Sunday, Leap Day, followed by Sunday, 
Summerweek 1, at summer solstice as 
nearly as possible. Three months of 28 
days each complete the third quarter of 
the year. The fourth quarter begins, at 
autumnal equinox, with Sunday, Au- 
tumnweek 1, and this week is followed 
by the last three months of the year, 





into effect in 1582 in Rome, parts of Italy, 
Spain, Portugal, France; in 1583 in Catholic 
states of Germany; in 1700 in Protestant states 
of Germany; in 1752 in England, where Sep- 
tember 3 became September 14, and new year 
was changed from March 25 to January 1. 
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again with 28 days eacl Counting 
Double Sunday as legally and sym! 
eally one day, each quarter contains ex 
actly 91 days. The year ends t) 
present December 20, which becomes the 
new Saturday, December 28. By means 
of the convention of Double Sunday, it 
contains exactly 52 weeks; and by means 
of the four inserted seasonal weeks, it is 
divisible into four exactly even quarters 
It has the inestimable advantage of hav- 
ing one calendar serve for every year 


and of having month-date or week-d 
correspond to the same week day 
in every month of every year 
The only disadvantage of this pro 
posal is that it interferes slightly with 
the familiar conception of the month 
But the month, founded on lunar periods 
which can not be reconciled conveniently 
with solar periods, must suffer some 
change in any revised calendar. Either 
we must insert a new one, or we must 
have them unequal in length and incom 
mensurable with the week, or we must 
adopt the device of four inserted sepa- 
rate weeks. For purposes of industrial, 
financial, commercial and many other 
established practises, the equal quarters 
of the year are more important than 
the particular arrangement of months 
Wages, salaries, dividends, interest and 
other transactions are based much more 
often on unit-periods of hour, day, week, 
quarter, half-year and year, than they 
are upon months. Any practise now 
adjusted to months will have to be re- 
vised to fit any new calendar, and can 
be adjusted to this one as readily as it 
could to any other. In fact, it would be 
easier to make calculations dealing with 
these new months and quarter-months 
than to continue to make use of our 
Monthly 


bills and wage schedules, for instance, 


resent variable calendars. 
| 


perhaps may be adjusted to cover five 
weeks in the first third of each quarter, 
and four weeks in the others. There 
would be no difficulty attending the 
adoption of any other manner of divid- 
ing the quarter into thirds or other ap- 
proximate monthly periods that might 
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suit individual convenience, and a year 
or two of use would lead without incon- 
venience to substitutions that would 
smooth away all difficulties. 
The names which I have 
tentatively for the inserted weeks are 
Winterweek, Springweek, Summerweek, 
They are words of about 
the names of 
of our each is abbrevi- 
ated readily by first three 
letters. They do not apply, of course, 
so appropriately to seasons south of the 
equator. Perhaps better names may be 
devised ; or perhaps these are best, with 
the consequence that southern peoples 
must accept which have 
their origin in northern temperate zones. 
The new month-dates will differ from 
the old ones by an average of only five 
days, with extreme difference of two 
days at the least and eight days at the 
most. The new Sunday, January 1, will 
be the old December 29, the old January 
1 becomes the new Wednesday, January 
4. One great advantage of this, as of 
the other proposed new calendars, will 
be the fixed connection between holidays 
and anniversaries, and the days of the 
week. The fixation of the day of Easter 
is almost sure to be decided upon by 
Some other 


proposed 


Autumnweek. 
the 


same length as most 


months, and 


use of its 


conventions 


religious bodies before long. 
American anniversaries would be as fol- 
lows, if they are to occur on new dates 
corresponding to their old ones: Febru- 
ary 12 (Lincoln) : Wednesday, February 
18; February 22 (Washington): Satur- 
day, February 28; March 4 (Inaugura- 
tion): Tuesday, March 10; May 30 
(Decoration): Friday, June 6; July 4 
(Independence): Friday, July 6; first 
Monday September (Labor): Monday, 
September 9; October 12 (Columbus) : 
Sunday, October 15; first Tuesday No- 
vember (Election) : Tuesday, November 
10; November 11 (Armistice) : Tuesday, 
November 17; last Thursday November 
(Thanksgiving): Thursday, December 
5; December 25 (Christmas): Wednes- 
day, Winterweek 4. The academic year 
for educational institutions will be 
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greatly simplified and stabiliz 
University, for 
eonform to the nearest pres 
dates, 
always on Wednesday, Autum 
hold 


June 23. 


instance, if 


would begin its 


acadel 
Commencement on M 
It would be easy, | 
make readjustments, if a n 
holiday per 


and 


distribution of 
make them desirable. 
Conservative clinging to 
customs is one difficulty in tl 
the introduction of any kind 
This must yield when confront 
the promise of large increase in € 
and satisfaction that is sure to fi 
change. Religious prejudice, p: 
is the only other serious difficulty 
met. <A universal 
come as near as it can to satisf) 


new calend 


demands of all religious bodies 


Christian as well as Christian. <A 
them which maintain calendars d 
from ours, as some of them do, ec 
just themselves to the revised ca 
as easily as they could to the 
present use. Any religious belief 
the week of seven days, or the 
month, is divinely ordained, is 
fronted with the indubitable fact 

the year is just as surely a divinel) 
pointed period, and that it is in 
mensurable with day, week or m 

If the Divine Being is responsible 
any of these things, it is evident that 
has instituted conflicting divine sche1 

of time division, and has left it to 
ingenuity of man to reconcile them 
wisely as he can according to his ov 
needs. He must make adjustments o! 
some kind, and always has. It wou 
seem that the adjustments suggested 
this paper are the simplest and most 
logical that could be devised, combining 
the advantages of the other proposed 
schemes with the disadvantages ol! 
neither of them. The important thing 
however, is to get of the three 
adopted, whichever one of them can se 
cure practically unanimous endorsement 


one 











PROFESSOR OF 


ENVIRONMENT is what surrounds any- 





¢. On the earth it is made up of 
such as wind, waves, 


] 
? 


psysical things, 
rocks, and oxygen, and of 


water, organ- 
isms, such as food plants and animals, 
king enemies, and astute competitors. 
For man and animals 


there is a social enviroment, 


for some other 
which con- 
sists of such things as the boys at the 
grammar, golf, bow ties, bridge 
and ladies’ Man 
has reared culture as the fairest flower 
civiliza- 


Fw 4 ] 
oOuice, 


gyames, ald societies. 
in his time-binding garden of 
tion. Man not only struggles and lives 
in his environment, but he aspires to 
live in the best possible way—to be a 
cultured gentleman. 
Environment continually 
Daily and annually there are 
extreme fluctuations in humidity, wind, 
temperature, the market, total 
sales, and religious converts. At times 
there are major changes in environment. 
Glacial epochs cool the earth and change 
great upheavals 


changes. 


minor or 


stock 


the volumes of oceans; 
or depressions of the earth’s crust make 
mountain ranges or new oceans; empires 
change to republics. During glacial 
times there were reindeer in Italy. The 
pantaloons and stocks that grandfather 


wore during civil war days are now 
ridiculous and archaic. The outstanding 
‘ quality of environment is change— 
fluctuation, mutation, modification, and 
= transformation. 
In environment lives the organism— 
a plant or animal. This organism has cer- 
at tain well known qualities, but when one 
4 tries to define it in critical scientific 
. terms, many difficulties are encountered. 
An organism has metabolism; the power 


of growth, repair, and reproduction; 
specificity ; manifoldness, and peculiar 
organization. Yet it is made of matter 
and its usual activities are associated 
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with well known « 1 ] 
processes Per} | 5 J | 
matter and ene1 | 
dition to these sor il spark 
keeps it organized al l rmol ls 

ing. <All that science has b 

say about the organism is that it is a 
‘‘coordinated, self-perpetuating, sys 

of activities.”’ Its primary quality is 






continual activity. Like envirom 
] . | 
is aiwaVs Changin’ 
An organism never exists for an 1n 





le 
stant without its environment. Further 





more, every organism is adapted t 


bel nes 10 






environment—it fits. A fish 
bird, in air; a 





water; a snake, on its 






lly on the surface of the earth; a 
Negro in the tropics; an Eskimo in 





arctic regions. An ever-changing or 





ganism thus lives in an always-varying 






continually be 






and must 
This is a complex and try- 


environment 


adapted to it. 
ing situation which may well discourage 







any organism which is earnestly strug- 





gling to survive. It is mitigated some- 
what by the fact that « very organism has 


certain powers of adjustment, so that it 








ean change from day to day or from 
year to year to keep pace with minor 
changes in environment. A man grows 






callouses on his hands if he spades; a 


tick can live for four years without food. 







Some animals and plants have remark- 
able powers of adjustment or of tolera- 
Such 







tion for variations in environment. 
wide geographic 





types usually have 
ranges and often live in a variety of hab- 


Organisms with narrow ranges of 






itats. 
adjustment are correspondingly limited. 
A house fly lives in many parts of the 
the 
honey bee depends on certain types of 
flowers and can not thrive without them. 

Heredity is jealous of change. ts 
they are at present 







earth and subsists on many foods; 








mechanisms, as 
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known to science, permit animals to mix 
their qualities in a nearly endless variety 
of combinations, but they seldom or 
never permit species to change. The 
transfer of hereditary qualities from 
parent to offspring through particular 
chromosomes and genes is well known. 
Recently there have been several very 
illuminating discoveries in this particu- 
lar field. But what causes animals to 
vary, to change their limits of toleration 
and adjustment, is still a mystery. 
Scientific experiments which have been 
intended to transform one species into 
another on the whole have been quite 
negative. A species can be selected so 
that potential characters which it al- 
ready has may be emphasized, but ex- 
periments which have extended over a 
limited range of time have not resulted 
in new species. Osborn! says, ‘‘ This in- 
credibly slow rate exposes the futility of 
modern experimental research which 
would produce a new character in a 
single year or in a few seconds.”’ 
Evolution is thus left by science be- 
tween two horns of a dilemma. Animals 
certainly have changed and have been 
transformed into new species. But when 
Nature’s favorite child tries to produce 
species for himself, Heredity blocks his 
progress into the promised Land of Dis- 
covery, and ever turns him back into the 
fields of Adjustment, Hybridization, 
Mendelism, and other long-tilled areas. 
But, if species have evolved out of pre- 
existing species in the past, they are 
probably doing it to-day. Perhaps if 
man ean carry his cumulative scientific 
knowledge, his experiments and his dis- 
eoveries on for another million or billion 
of years, he may discover the secret of 
evolution. Perhaps some fortunate ge- 
nius may discover such secrets during 
the span of his life. Until the time 
comes when there is scientific evidence on 
which to base general laws there will be 
controversy. The advocates of either 
1H. F. Osborn, ‘‘New Concept of Evolution 
Based upon Researches on the Titanotheres and 
the Proboscidians,’’ Science, 74: 557-559, 1931. 


heredity or environment as th 
factor in evolution will go on sp: 


and asserting. Eve 


golden opportunity. 


and perhaps also a grain of va) 


| . 


ry mother b 
that Environment is a magician y 
make the son of a drunken ne’er 
into a competent, great, and nob 
sonality. Every father knows 
secret heart that he is more or 
failure, but lives in the hope tha 
may become a superman if he g 


This is sent 


?7 


the parent excuses himself to hims 
laying the burden of failure on 
opportunity. Science is jud 


though generally kindly in s 


ey 
( } 
iCidl 


" wit 
) 


i 


open minded, she hates Sentiment 
favorite children are Truth 
dence. She tolerates Theories o1 
strictly temporary incumbents of 
tions that later are to be filled by 


lished Natural Laws. 


and 


It must be admitted that at pr 
scientifie evidence gives little supp 


environment as a primary cause for 


production of new species. 


In the p 


phlet? which gives brief discussior 
the exhibits which were recently s! 


in connection with 


the Carnegie Institution, 


dence on this point. 


plants to discover whether what | 


annual meeting 


there is 


Dr. H. M. Hall ! 


been working many years on a genus 0! 


1 


been called species are the products 


adjustment to present 
conditions or whether they are due 


environment 


‘ 


heredity. He says, ‘‘The investigation 
exhibited are not designed to give a cor 
elusive answer to this very debatabl 
question, but thus far no changes hav 


been induced by environmental cond 


tions which have the appearance of b 
Dr. H. E. Cramp 
ton. who has made extensive studies of 
land snails of the genus Partula on th 
islands of the Pacific Ocean, 
‘‘The variations among species of thi 
genus and the variations within any 


coming hereditary.’’ 


2 E. C. MacDowell, ‘‘ Exhibition Representing 


Research Activities.’’ 
Washington, 1-32, 1931. 


Carnegie 


remarks 


Institutio! 
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terms of innate or congenital factors, 
and the cireumstances of ‘environment’ 
are not in any way causal with reference 
to the characteristic qualities of a local- 
ized race, variety or species.’” Dr. A. 
M. Banta reports a case he actually ob- 
served where the offspring of one crus- 
tacean survived unusually high tempera- 
tures. It is noticeable that he gives no 
suggestion as to how the new limits of 
toleration were acquired ; he is too scien- 
tific. He is satisfied merely to state that 
he did observe the origin of a new range 
of toleration in a species. Dr. E. C. 
Case, who has published two great works 
on the origin of tetrapods in relation to 
climate, concludes that land vertebrates 
originated when the environment was 
quite monotonous for a very long period. 

Heredity gives an animal its native 
ability. Environment gives an animal 
opportunity. <A college education will 
not transform a fool into a wise man, but 
it should give a man opportunity to de- 
There 


velop what native ability he has. 
is little evidence that any animal can 
change its inherited abilities during its 


life. If a potentially great man was 
shut up in a dungeon and fed through a 
hole in the door, he could never get ex- 
perience and education enough to de- 
velop. He would probably never write 
poetry, build railroads, or lead armies. 
He could not develop completely without 
his environmental opportunities. So it 
is with all animals. 

The writer has been privileged for a 
number of years to study the migrations 
of animals from the ocean into fresh- 
water and land habitats. These migra- 
tions have taken place during the past 
and are progressing in many parts of the 
earth at the present time. Animals have 
left the stable, dependable ocean in order 
to take up a precarious, uncertain life on 
land. Animals which are foreed to live 
in a changeful environment, continually 
seek to attain some degree of stability. 
In going from ocean to land animals 
have escaped certain dangers and compe- 
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titions, and incidentally they have devel- 
oped mechanisms which enable them to 
live in the extrem: ly variable land habi- 
tats by attaining more and 
nal stability. 
tive, and 
for conserving water, regulating temper 
ature, maintaining internal fluids at op 
timum concentrations, respiration in air 


nore inter- 


Land animals have effeec- 


often elaborate, mechanisms 


reproduction, locomotion and sensation 
in alr. 

In connection with the study of land 
ward migrations I have often been im- 
pressed with the idea that new species 
perhaps arose when there was a segrega- 
tion of certain types into particular hab- 
itats in order to avoid competition. The 
four common species of hermit crabs at 
Dry Tortugas are arranged in definite 
zones and their gills decrease in number 
toward the land. Those that live in the 
ocean have 26 gills; the species which is 
established on the reefs at high tide 
mark has 18 gills; and the land hermit 
crab has 14 gills. On the mud flats at 
the mouth of the mighty Menam in Siam 
there are three species of gobies which 
hunt together on the These 
land fishes show little or no arrangement 


beaches. 


into zones, but a careful study of their 
habits showed that they were quite defi- 
nitely segregated, so that they avoided 
competition. The largest species sub- 
sisted largely on crabs and large insects 
and had a short intestine; the medium- 
sized species ate little but algae and had 
a long intestine; the smallest species ate 
ants and other small animals and had a 
short intestine. Even the parasites of 
these three gobies were strikingly differ- 
ent. Though the three species lived to- 
gether continually, they were not com- 
peting. After encountering many such 
instances I have tentatively come to the 
conclusion that perhaps a new species 
begins when a group of animals is able 
to invade an unoccupied niche in nature, 
and thus avoids competition. Such a 
group probably soon attains some degree 
of stability in relation to certain envi- 
ronmental factors and gradually makes 
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adjustments which make it more and 
more closely adapted to existing condi- 
tions. What causes such an incipient 
species to change its habits and its limits 
of toleration is of course unknown. Evo- 
lution may be more or less due to isola- 
(Wagner), orthogenesis (Eimer), 
natural (Darwin), the trans- 
mission of acquired (La- 
marck), hybridization (Johanssen), aris- 
togenesis (Osborn), accumulated muta- 
tions (Morgan), or other things. Os- 
born: recently published a list of the 
principles of evolution as shown by pale- 
ontology. Such ‘‘laws’’ of evolution are 
not yet firmly established ; they are still 
This is the chal- 


tion 
selection 
characters 


in the theoretical state. 
lenge and the inspiration for the young 
biologists. 

It may seem that this attempt to set 
forth the present status of environment 
and heredity in relation to evolution in- 
volves a rather hopeless philosophy for 
application to every-day life. There 
seems to be little doubt that any organ- 
ism, man included, is born with a certain 
equipment in the way of capacity or 
ability. Environment may give the or- 
ganism the opportunity to bring this to 
the greatest possible fruition. Every 
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man is born with certain aptitud 
mathematics, music, business. 
tics, mechanics, or what not. E 
ment as it exists in climate, food. 
ing, home life, school, and state 
give him unlimited opportunity 
velop what he has. It is the obli 
of civilization to make environm: 
that each individual has opport 
develop the best personality t 
given abilities permit. 

To a scientist this outlook is i S} 
Present day biology says, ‘‘Be w 
are. Waste no time in trying 1 
yourself what you are not, and 
try to convince the world that 
something different than what 
Take your given capacities and 
the best possible; struggle and imp: 
Throughout life you must chang 
just as environment changes. Pe 
with your unique intellect you ca 
change your environment to suit 
particular abilities. Environment 
portunity.’’ 

I find the great thing in this world 
much where we stand as in what dirs 
are moving. To reach the port of |! 
must sail, sometimes with the wind a 
times against it,—but we must sail 
drift, nor lie at anchor.—Oliver Wende 


} 
t 
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POPULAR USAGE OF THE TERMS “INSTINCT” 
AND “INSTINCTIVE” 


By Dr. RICHARD STEPHEN UHRBROCK 


PsycHoLoaicaL terminology is being 
used with increasing frequency by the 
newspaper writer, the magazine con- 
tributor and the novelist. If we are to 
judge by examples that have appeared 
in leading publications during the past 
year, any phenomenon of behavior that 
tends to exhibit even a minor degree of 
stability sooner or later will be referred 
to as ‘‘instinctive.’’ 

Contemporary writers of all classes make 


frequent use of the words ‘‘instinct’’ and 
‘*instinetive,’’ but, with very few exceptions, 


they use them so loosely that they have al 
spoilt them for scientific purposes. On th 
hand, the adjective ‘‘instinctive’’ is comn 
applied to human action that is 
formed without deliberate reflexion; on 
other hand, the actions of animals are 

larly attributed to instinct, and in this 
nexion instinct is vaguely conceived as a 
terious faculty, utterly different in nature f: 
any human faculty, which Providence has give! 
to the brutes because the higher faculty 
reason has been denied them. Hundreds of 
passages might be quoted from contemporary 
authors, even some of considerable philosophi 
cal culture, to illustrate how these two words 


every 








= hh) 











with a minimum of meaning, gen 
with the effect of disguising from the 


riter the obscurity and incoherence of his 


The following examples of the popu- 
lar usage of the terms ‘‘instinct’’ and 
‘‘instinetive’’ have been culled from a 
variety of sources. Some of the writers 
who have contributed to this list are 
famous wherever English is read and 
spoken. The identity of others is con- 

aled, owing to the fact that it is the 
policy of American newspaper editors 
not to sign their articles. 

1) The officer knew instinctively that the 

n was unfamiliar with the gear shifts in 

it particular make of ear. 

2) This ability must be linked with sound 
business judgment, promotional instinct and a 
sense for news. 

Henry P. Davison, who at forty was a 

rtner in J. P. Morgan & Company, was not 

born to riches, but he must have been born 
a natural instinct for banking. 

4) Instinetive'y he had dropped his fingers 

wards his right coat pocket, but he thought 
better of that maneuver and slightly raised his 


5) Hoppe is probably without a rival in 
s instinctive knowledge of the angles of a 
billiard table. 

6) Versed in his youth in the use of the 
lazo’’ and the ‘‘boleadoras’’ than the pen, 
I think his love of nature set him on to write 
instinctively, just as a gaucho child, putting 
its little naked toe upon the horse’s knee, 
climbs up and rides because he is compelled to 


ride or remain a maimed and crippled animal, 
traveling the plains on foot. 

(7) Yes, almost a commercial instinct. 

8) Suddenly a camera man snapped its 
shutter in the ex-Premier’s face and the com 
mercial instinct of America was satisfied. 

(9) Lacking the Saxon training for s 
government and the Saxon instinct for individ- 
ual rights, they have not felt sorely the 
grievances under which the English speaking 


If. 


colonies smarted. 

(10) Was the West African instinct getting 
the upper hand in him over the Christian 
gentleman? 

(11) This was even more to my taste, for I 


1 William McDougall, ‘‘An Introduction to 
Social Psychology,’’ London, Methuen and Co., 
Ltd., pp. 20-21, 1914. 
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‘INSTINCTIVE’? 





had ne » » I . nd 
was < s to see as! ’ . 

12) Their bus ss S 3 5 
rected industrial endeavor into the most 


ductive channels 


(13) But the story has fed, t n t 
curable snob instinct in the heart of a f us 

(14) Now ordinarily Katherine w i n 
more have bent her ear to this dialogue 


she would have peeped 





portfolio; but a catlike instinct glued her t 
the receiver. 
(15) The instinct of benevolence appear to 
be innate in every kind nat 
16) So that if y saw a } e of w 
finished in gilt-edged order—whether it was 
job of leadership, a book, washing dishes, or a 
sewer cleaned, done right and shipshape ‘‘and 
then some,’’ you would instinctively s 
‘*There’s been a Princeton man n this t 
That’s the Princeton way of ving th 
d genera n Puritan who 
ner’s instinct by be 9 
s moral prejudices by being 
rf t t ind distrusting 
| y nd ften 
vi ib iry and his instiz 
ind irrowy 1! names 
sometimes wounded beyond his inte 
19) On hearing the ust word, Dona Ana 
shivered and instinctively turned to k at 
the picture in which Roberts had been 
trayed dying in the gloomy desert 
(20) With the instinct of a Commissioner of 
Accounts still upon him, Mr. Fosdick inquires 
whether we have liquid ‘‘spiritual assets’’ to 
counterbalance the n¢ forces W he st 
to regard as potential liabilities 
(21) As in the case of several other young 
poets of this war oment, too I i rtar 
has been attached to a pleasant and conge1 
instinct for making Rhymes 
22) Yet I have no doubt that, with his iu 
stinctive courtesy, he divined the wishes of tl 
family in regard to the new r and was 
therefore, predisposed in his favour 
(23) As I looked at them, I instinctive 
summoned to my side the radiant shade of 
Aurea, for indeed she had seemed made of gold 


gold and water lilies 
(24) Most novices have a misguided but ur 


erring instinct for hard pipes, and this way 


troub e hes, 
(25) My first instinct is to reach for money 
26 One morning, as they tell it, depe nd 
ing upon her instinct of time, she rose without 
consulting her clock (which in fact had 


stopped ). 
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27) In choosing a confessed apostleship of 
attack, Mr. 


Gompers evinced his instinct for the jugular 


Bolshevism as the point of 
vein. 

(28) She was a lady by instinct, in short, 
and Kate’s father was—well, otherwise. 

(29) Aunt Ella’s atavistic instincts had de- 
manded a gas fire in the asbestos hearth as 
part of the ceremonial welcome. 

(30) There is a type of reader who will ob- 
ject to the publication of such a book, claiming 
that it is merely a text-book based on the 
‘*direct method,’’ for who are 
from birth with criminal instincts. 

(31) For of course it meant only that she 


those cursed 


felt a woman’s instinctive rebellion against all 
such philosophies. 

(32) Instinctively his face resumed its old, 
mocking mask; there other way in 
which he could keep a hold on self-control. 

(33) ... but partly it was due to that in- 
stinct for ordered routine, which in a reputable 


was no 


sphere of endeavor would have made this man 
rather conventional and methodical in his per- 
sonal habits. 

(34) Just then a came 
dying woman within, and nurse and doctor, 


murmur from the 
moved by professional instinct, stepped softly 
back to the bedside. 

(35) But the child had an instinctive aver- 
sion to all savages, or possibly the feeling was 
derived from her mother. 

(36) Why is it, we thought, that one instinc- 
tively waves to unknown travellers who pass on 
train or ship? 

(37) They snout out the superficial night 
life of the city with the unerring instinct of 
all small towners for the perverse and the 
vicious. 

(38) Vernon had not gone far before he re- 
gretted his instinct for short cuts. 

(39) John Creddy saw the shadow on her 
face, the unintentional dilation of her delicate 
nostrils, the faint puckering at the corner of 
her lips, and knew with a negro’s quick instinct 
of face reading what it all meant. 

(40) For, after all, humanity has an un- 
canny instinct to avoid truth as long as it can. 

(41) I have seen a few cases, and only a 
few, where the style and the matter were so 
characteristic that all my literary instincts told 
me that it was the man himself. 

(42) It was Mr. G. K. Chesterton who noted 
that the American man instinctively removes 
his hat in an office elevator, as a kind of sub- 
conscious tribute to his totems of machinery 
and commerce. 

(43) The rich are instinctively crying ‘‘ Let 
us eat and drink; for tomorrow we die,’’ and 
the poor, ‘‘ How long, O Lord, how long.’’ 
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(44) The instinct of patriotism, | 
altruism ean be stimulated and edu 
(45) The instinct of the race reg 
course between unmarried persons as 
and anti-social. 
word ‘* nsti 


In discussing the 


Dashiell has said: 


At one time the term has beer 
reference to a pattern of activity 
ing, manipulation), at another, with 
to the motivation of activity (« 
pugnacity, parental love), and perh: 
frequently, in a way both descriptiy 
planatory. The classic notion of 

as God-given faculties mysteriously 
in animals to guide them aright has 
place to inquiries of more scientific typ 
remarkab 
and ( 
this on 


contemporary discussions are 
the amount of misunderstanding 
vagueness of 
literature 849 
which he was 


traceable to the 
Bernard found in the 
types of ‘‘instinct,’’ 
condense to 325 
puts it, ‘‘Qu’est-ce que l’instinct? Un 
or even as Condillac **L’instinet 


9 


” 
rien.‘ “« 


irreducible ones. As ] 


says, 


Now that the psychologists are de! 
ing the use of the terms ‘‘instinct’’ 
**instinetive,’’ the popular writers | 
adopted them to describe habits ar 
habitual reactions. They have not bee 
concerned, however, with any quest 
as to whether the responses under dis 
cussion exist at birth, or soon afte: 
whether they are universal in appear 
ance and whether they appear with 
opportunity to learn, as suggested b: 
Gates.2 Neither do they apply Das 
hiell’s two queries concerning t! 
nature of the act itself. ‘‘Does 1 
activity in question natively fall int 
some definite and recognizable pattern? 
And further, is it natively excited int 
activity by some identifiable particular 
type of stimulus or situation?’’* 

‘« Fundament: 


Houg! t 


2John Frederick Dashiell, 
of Objective Psychology,’’ Boston, 
Mifflin Co., p. 183, 1928. 

8 Arthur I. Gates, ‘‘Elementary Psy 
ogy,’’ New York, The Macmillan 
pp. 115-116, 1928. 

John Frederick Dashiell, ‘‘ Fundament 
of Objective Psychology,’’ Boston, Houghto! 
Mifflin Co., p. 185, 1928. 


Compal! 















Writines of the ancients, even back 
to Noah’s memorable cruise, contain 
warnings of the dangers of the sea. The 
Psalmist wrote of the perils which beset 
those ‘‘ who go down to the sea in ships,’’ 
having reference undoubtedly to the 
perils of the surface of the sea—of the 
wave and of the storm and their devas- 
tating effect on the small craft of the 
ancients. The bottom of the sea, how- 
ever, with its hidden rocks and shoals 
holds more of menace to the giant vessel 
of to-day than does the storm. Yet even 
these are being rendered harmless be- 
fore the advance of science. The scien- 
tist is making the bottom of the ocean 
echo its whereabouts back to him afloat 
on its surface, and accurate marine sur- 
veys based on the scientific principles 
involved are robbing the sea of its hid- 
den mysteries. 

Early in the history of this country, 
President Jefferson, recognizing the need 
for accurate surveys of our coast, in- 
augurated the organic act passed by the 
Congress in 1807 for the establishment 
of the Coast Survey, the oldest scien- 
tific bureau in the United States Gov- 
ernment. 

The intervening century has seen a 
marked increase in its activities and to- 
day its operations extend half way 
around the world and from the Arctic 
Ocean to the Equator—from the Philip- 
pine Archipelago to Porto Rico and from 
Alaska to the Caribbean Sea. 

The bureau’s work is not spectacular 
and therefore draws little public atten- 
tion. Many of you probably are not ac- 
quainted with its operations. The re- 


SCIENCE SERVICE RADIO TALKS 


PRESENTED OVER THE COLUMBIA BROADCASTING SYSTEM 


THE SURVEY OF THE CONTINENTAL SHELF 


By Commander G. T. RUDE 


CHIEF OF THE DIVISION OF HYDROGRAPHY AND TOPOGRAPHY, U. S. COAST AND GEODETIC SURVEY 





547 





sults, however, exemplified in the nau 
tical charts, open our ports to the 
armadas of commerce, affecting directly 
or indirectly the well-being of every 
citizen. They guide the mariner through 
safe lanes and warn him of unseen rocks 
and shoals that might bring him to 
erief. 

The brevity of this history is indica- 
tive of the brief manner in which it 
will be possible, in the time allotted, 
merely to touch upon one of the many 
varied activities of this bureau—the 
survey of the continental shelf. 

It may be well first to sketch briefly 
a description of the continental shelf 
before describing its survey and the 
unique methods employed. It may ap- 
pear to us when visiting the beaches that 
the edge of the continent is represented 
by the shore where sea and land meet. 
Farther seaward, however, extends a 
gently sloping submerged plain, over 
which the water gradually increases in 
depth to six hundred feet at the actual 
edge of the continent where it begins to 
dip sharply to ocean depths. This sub- 
merged area is known as the continental 
shelf, and its average width along the 
coast of the United States is about sixty- 
five miles. Its outer edge lies only ten 
miles offshore at Palm Beach. This dis- 
tance, however, gradually increases 
northward, and in the vicinity of New 
York, it is one hundred miles, and off 
Nantucket Island, two hundred miles. 

In general, this plain is composed of 
material washed down from the land and 
is of a gently rolling character, but that 
part known as Georges Bank, extending 
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as a huge tongue two hundred miles off 
the coast of Nantucket Island, has the 
characteristics of a terminal moraine, 
with its shoals and hummocks of glacial 
material. 

For the probable formation of this 
offshore bank, we must go back to a 
period before the dawn of history, except 
as written in the rocks by the hand of 
nature. Geologists have read this rock- 
hewn history written by nature’s forces; 
they tell us that during the Glacial 
Period, or the Great Ice Age, the north- 
eastern states were covered by great ice 
sheets extending as far south as the 
State of New Jersey and offshore to the 
outer edge of Georges Bank. As this 
great ice mass ploughed its way south- 
ward and finally melted with the com- 
ing of a warmer geologic period, it left 
its mass of débris gathered in its slow 
march to the sea. To this is attributed 
the hummocks, characteristic of the shoal 
area comprising this offshore bank. 

I have described in some detail that 
part of the continental shelf known as 
Georges Bank, because the Coast and 
Geodetic Survey is now engaged on a 
survey of that area, which is twice the 
size of the state of Massachusetts. This 
survey was started in the spring of 1930 
and will be completed in the fall of 
1932. 

The purpose of this project is to mod- 
ernize the nautical chart, through the re- 
sources and methods of modern science, 
to meet requirements of the navigator 
of the large vessel of to-day, equipped 
with the efficient navigational appli- 
ances now available. The navigator of 
the past was compelled at times to grope 
his way with only the knowledge that 
he had a sufficient depth of water under 
his vessel. The nautical chart of to-day, 
however, must supply him a wealth of 
detail of submarine valley, plateau or 
mountain range, for with his ‘‘echo 
sounding’’ apparatus he has the means 
of obtaining, at full speed, a continuous 
record of these submerged features under 


his ship. He is thus furnis] 
aid in the determination of | 
in thick weather, when celes 


A 


Ss 


are not available for that purp 


An interesting result 


was the discovery of a submari 


extending back into the 
shelf on the southeastern 


bank. It was discovered by t!] 


ship Oceanographer, formerly 
Corsair II, a gift to the gover 
Mr. J. Pierpont Morgan. As 


to this trim vessel, now engaged 


ing the ocean she sailed for mar 


as a pleasure craft, the valley 
named Corsair Gorge. 


This valley, probably a great 


by a giant landslide of the g! 


rial, is two miles wide, eight 


y 


and eighteen hundred feet deep 


material, having slipped from 


eure hold onto the side of the 


conti 


probably now lies at a depth of six 1 
sand feet just off the edge of t! 


The valley is adjacent to th 
steamer tracks between New 


Yu 


1 
’ 


European ports and with th 


sounding apparatus furnishes 


I 


of the liners an excellent additior 


in finding their positions dt 


1? 


il 


thick weather so prevalent in this: 


This echo-sounding device, 


fathometer, is also used by the 1 


surveyor for determining the 


which appear on the chart in the 


rect positions relative to each ot! 

to the continent, for the nautical 
is a miniature representation, on a p 
surface, of the oceans and the adj 
land masses. The fathometer, brief]; 
composed first of an _ electrically 


trolled hammer which, upo1 


1 


+» , 
SLTIK 


against the inner steel plate of the 
sel’s bottom, generates sound waves 
the sea water. These vibratory w 
travel to the ocean’s floor, from wi! 


they are reflected as an echo back 


+ 
Lo 


ship and are received by a hydrop 


or sensitive mechanical ‘‘ear’ 


, 


P. Tay 
fasten 
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against the ship’s bottom, the second 

t of the fathometer. 

After receipt in the hydrophone, the 
vibrations are amplified and passed on 
through electric wires to the indicator, 
hird unit of the fathometer, in the 
This indicator automat- 

lly translates into depth the time re- 
wired for the sound to travel to the 

ean floor and to return as an echo, and 
ilso indieates this depth in fathoms by 
: flash of light on a graduated dial. By 
means of this instrument, a 
vessel at full speed obtains a sounding 
every few seconds, even in great depths. 

Before the world war a deep sounding 
in the ocean was obtained by reeling out 


+ + 
na 


j 
lot house. 


sensitive 


over a measuring sheave piano wire to 
which was attached a 
weighing about a hundred pounds. Over 
an hour was required to take a sound- 
ing of 20,000 feet. A sounding in this 
same depth can to-day be made with the 
fathometer in exactly eight and one third 
seconds. 

The scientist, having developed this 
supersensitive instrument for obtaining 
measurements of ocean depths, has also 


spherical shot, 


devised a means of locating these sound- 
ings because, to be of any value in the 
construction of a nautical chart, their 
positions must be determined relative to 
the continent as well as to each other. 
This method for accurately locating 
soundings, known as radio acoustic rang- 
ing, is based upon research work during 
the world war for detecting hostile sub- 
marines. Like the fathometer, this oper- 
ation, too, is dependent upon a knowl- 
edge of the velocity of sound in sea 
water, which has been determined to be 
a little less than five thousand feet per 
second. 

In the case of this particular survey 
of Georges Bank, a number of buoys 
are anchored along the ridge of the 


bank in about two hundred feet of water 
so as to form a chain of triangles with 
sides ten to fifteen miles long, a buoy 
at the vertex of each triangle. 


A station 





ship is anchored near a buoy at one end 
of this chain, and by means of a series 
of observations on the stars, thi 
located within a probable error of onh 
about 400 yards—not so bad when on 


considers that it is two hundred miles 


beyond the sight of land 
The next step 1S the location of t] 

remaining buoys of the chain relative 
to this end buoy. 1 station ship, 
anchored near the end buoy, has a hydr 
phone suspended under the keel and 
connected by wires with the radio set 
The mobile survey vessel now steams 


over to the nearest buoy and, passing 
closely. drops a depth bomb comp sed ol 


a quantity of T. N. T 
caused by this explosion travels through 


The vibrati 


the water to the hydrophone of the sta 
tion ship, and its receipt is automatically 
and instantly flashed back to the survey 
vessel by radio. The elapsed time be 
tween the explosion at the buoy and the 
receipt at the hydrophone of the station 
ship is recorded within one hundredth 
of a second on a specially-constructed 
chronograph on the survey vessel. This 
procedure is followed at all the buoys 
and, with a knowledge of the velocity of 
sound in sea water, the distances between 
all buoys are determined and their posi- 
tions thus located on the survey sheet. 

It is positively uncanny to watch the 
time of the explosion recorded automat- 
ically on the chronograph, and again in 
ten to fifteen seconds to see, on the same 
instrument, the times of the receipt of 
the sound at the hydrophones of the sta- 
tion ships miles away. 

The positions of all the survey buoys 
having thus been determined, two sta- 
tion ships can now be anchored at any 
two of the buoys and the mobile survey 
along on a system of 
sounding lines through fog or into the 
night, a depth bomb being dropped every 
ten minutes and thus positions obtained 


vessel steamed 


while underway in a manner similar to 


that used for locating the buoys. Some 
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of the sounding lines extend to the 
thousand fathom curve, out beyond the 
edge of the continental shelf, yet the 
sound from these explosions travels 
through the water forty or fifty miles 
back to the station ships anchored on 
the bank, and their arrival is flashed 
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back through the night to the sy, 
vessel. 

To-day such operations are take; 
matter of course in scientific prog 
But two hundred years ago these s 
tists would have been burned 
stake! 


METALS IN THE USE OF MAN 


By Professor C. H. DESCH 


UNIVERSITY OF SHEFFIELD, NON-RESIDENT LECTURER IN CHEMISTRY, CORNELL UNIVERSIT 


Ir is difficult for us, living in a world 
or railroads, of steel buildings and ships 
and of automobiles, to picture a time 
when man lived without knowing of the 
existence of metals. Yet for very many 
thousands of years the men of the Stone 
Age used only stone, wood and bone for 
their tools and weapons. The first metal 


that became known to man was gold. 
Unlike iron and copper, it does not have 


to be smelted from an ore, but may be 
found in the beds of rivers, conspicuous 
by its bright yellow color among the dull 
sands and gravels. Primitive men and 
women loved to decorate themselves, and 
this bright metal, soft enough to be 
hammered out into thin sheets, lent it- 
self wonderfully to the making of gay 
ornaments. Later, as skill increased, it 
was worked into the most exquisite forms 
of flowers and fruits to make the head- 
dresses of queens, such as have been 
found in Mesopotamia and in Egypt and 
may be seen in our museums. 

Copper and silver followed next. Like 
gold, they may be hammered out on a 
stone anvil with a stone hammer, but 
unlike it they tarnish in the air, so that 
the lumps found in nature are dull and 
not brilliant as is gold, making it more 
difficult to recognize them when they 
occur. Masses of copper up to thirty 
pounds or more in weight were ham- 
mered to shape by the mound builders of 
Ohio (to be seen in the museum at Co- 
lumbus), and the men of even earlier 


times used the same means. It is or 

a few regions, however, that copp 
found as a metal, and usually it | 
be smelted from its ores. Probab); 
discovery of smelting was accident 
Stones were used to build up the p 
tive fireplaces, and when it had 
pened that among those stones the br 
green ore of copper had been us: 
lump of metal would be found among 
ashes and could be hammered int 
tool. When some observant per 
noticed this fact the art of smelting \ 
born. 

In Asia, the art of working cop; 
reached a high pitch, and copper t 
such as knives, were made by ham: 
ing the metal to a sharp edge, making 
hard enough to use for cutting. It is 
sometimes thought that the ancients 
possessed some secret for hardening cop 
per, but this is not so. The microscope 
tells us how their tools were forged, and 
we can obtain just the same hardness 
at the present day by the same means 

Then came a remarkable invention, 
that of bronze. Copper can not be mad 
very hard, however much it is hammered, 
but when it is melted with tin, or when 
ores of copper and tin are smelted to- 
gether, a very much harder alloy, bronze, 
is obtained. This alloy, too, can be cast 
into shape in stone or clay molds. How 
this discovery came to be made is still 
a mystery. The ores of tin are not 
brightly colored, like those of copper, 
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and they are much less common. Some- 
how it was found that this alloy was 
better than copper, which it soon re- 
placed. Even in the earliest graves of 
Ur, in Mesopotamia, which probably date 
from 3500 B. C., most beautiful objects 
of bronze are found together with those 

copper. The Sumerian artists had 
wonderful skill in the working of metals 
as well as in that of wood, bone and 
ornamental stones. 

Iron, the commonest of our metals to- 
day, not used until long after 
bronze. Perhaps we may take about 
1500 B. C. as the earliest date of its 
introduction. This may seem strange, 
but the lateness of its discovery has a 
simple cause. An open fire will melt 
copper or bronze easily, but even when 
burning fiercely in a strong wind it will 
not melt iron or steel. Smelting the ore 
in a fire yields a dirty, spongy lump, 
hardly recognizable as a metal. By 
careful heating and forging it can be 
made firm and compact, but this was 
only discovered late. Once the art had 
been mastered, it was found that iron 
made much stronger tools and weapons 
than copper or bronze, and its use soon 
spread. It may well be that the smelting 
of iron was first discovered in Central 
Europe, and that the art spread east- 
wards before the West learned anything 
of it. Certainly the Persians and In- 
dians became masters of it, and the beau- 
tiful swords and armor which they made 
still excite our admiration. 

It is true that we occasionally find 
objects of iron of much earlier date. For 
instance, the first graves at Ur have 
yielded a small axe, probably for cere- 
monial use, which is of iron, and a few 
other very early iron objects are known. 
But when we examine them by chemical 
analysis and by the microscope, we find 
that they were not smelted from ore, but 
were hammered out of pieces of meteor- 
ites, as some of the Eskimos make knives 
at the present day. As meteorites— 
lumps which appear as shooting stars 


was 
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and occasionally fall on to the earth from 
the sky iron 
objects were very precious, and we know 
from ancient writings that 
it came into common 
above gold. 
Although iron was used where 

ness and cutting quality were important, 
bronze continued to be made, and some 
of the most beautiful of bronze 
belong to what we eall the Iron Age 
Silver, lead, and tin were but 
were never so important as iron and 
bronze. Steel differs from iron in being 
harder, but it is made in the same way 
by heating longer in the charcoal fire. 
Steel is made much harder by quenching 
when very hot, and we find this process 


are not common, these 
iron, before 


use, was prized 


objects 


also used, 


clearly described in writing as far back 
as Homer. 

The Greeks and Romans brought to 
still greater perfection the arts of work- 
ing metals practised by the Sumerians 
and the Egyptians, especially in the 
casting of large statues of bronze. The 
earlier bronze made of 
hammered plates fitted on to a core of 
wood, but by casting much more mag- 
nificent work could be executed. 

All down through the Middle 
there was little change in the methods 
of working metals. In Europe and in 
Asia alike there were many craftsmen, 
and much of their finest work survives 
to this day. Water-power for blowing 
the furnaces took the place of natural 
draft or hand bellows, so that larger 
quantities could be melted, but for many 
centuries there was little change in the 
processes. In the 18th century came one 
of the great changes, the use of coal in 
place of charcoal in the smelting of iron, 
followed by the invention of many new 
processes. It was these inventions that 
made the steam engine possible, inaugu- 
rating what we call the industrial revo- 
lution. 

It is impossible to speak 


Statues were 


Ages 


to-day of 
Such in- 


progress in the 19th century. 
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ventions as those of Bessemer changed 
the scale of production so that iron and 
steel, made 150 years ago in quantities 
measured by a few thousand tons, in- 
their present production 
in scores of millions of tons. 
industrial 


creased to 
reckoned 
Our modern 
based, sometimes 
gold, but on iron. Iron and its variety, 
steel, make possible our means of trans- 
port and the whole mechanical basis of 
our industry and life. The steel of to- 
day, however, is very different from that 
of the time of Homer. Means have been 
found to make it harder, tougher and 
stronger by special treatment, or by 
alloying it with other elements, some of 
them, such as vanadium and molybde- 
num, being rare metals which only a 
few years ago were merely chemical 
curiosities. Besides steel, new metals 
and alloys have entered industry— 
metals quite unknown to our forefathers. 
Chief among these is aluminum, a metal 


civilization is 


not as imagined on 
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distributed widely in the earth, bu 
ing such special means for its extr 
that it remained unknown until < 
Suitably alloyed and tr 
has properties rivaling those of st: 

The arts of peace and of war . 
upon metals, and both have contr 
to the progress of their production 
working. The automobile and 
plane, with their high speeds and 
for lightness, have perhaps don: 
to improve modern metals and 
Every year sees fresh progress 
field of metallurgy, and there is | 
any branch of the history of civiliza 
more fascinating than that which 
how man has advanced from the Stor 
Age to the Metal Age of to-day, w 
highly developed industries and com) 
organization. Would that we had | 
as successful in solving the problems « 
human relations as we have been 
adapting the metallic riches of the wor 
to human use! 


time. 
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ODDITIES OF THE OCEAN 


By Lieutenant-Commander R. R. LUKENS 


CHIEF, COAST PILOT SECTION, U. S. 


WHEN you make a sea voyage on one 
of the many cruises which are so popu- 
lar this winter, you may look across that 
apparently limitless expanse of ocean 
and decide for yourself, at least, that it 
certainly is one monotonous part of the 
world. If it be a bit rough and some- 
thing you ate for lunch does not seem to 
set well on your stomach, you might 
even have a worse opinion of Father 
Neptune’s domain. 

To the oceanographer and hydro- 
graphic engineer, however, the sea and 
its mysteries are extremely interesting, 
and the floor of the ocean appeals to 
them as a great field for exploration. 
The bottom of the sea is the one place 
left that no one has ever seen—unless 
we except the biblical story of the chil- 


COAST AND GEODETIC SURVEY 


dren of Israel crossing the Red Sea 
but still the hydrographic surveyor by 
taking accurate soundings and bringing 
up specimens of the bottom can produc 
a rather accurate map of it and give | 
considerable information concerning 

This afternoon I would like to tell you 
of some queer things that officers of t! 
Coast and Geodetic Survey have found 
in their 115 years of surveying our 
coastal waters. 

First there is the remarkable sult 
merged canyon of the Hudson, whic 
lies about 50 miles at sea off the en- 
trance to New York Harbor. If you 
take a chart of this section of the coast 
you can easily trace, by the deeper 
soundings, what geologists tell us was 
undoubtedly the course of the Hudson 
























River millions and millions of years ago 
before the eastern seaboard subsided 
and brought the shoreline to its present 

ation at Sandy Hook and Coney 
Island. After following this ancient 
submerged valley for about 50 miles 
rom Sandy Hook, we come upon a can- 
yon which approaches the Grand Can- 
von of the Colorado in magnitude. 
Soundings show that the canyon at one 
place is more than 2,400 feet deep and 
about three miles wide from rim to rim. 
This grand gorge extends for about 20 
miles until it spreads out fan-like and 
merges with the bottom of the sea. 
What grand scenery this canyon would 
make, but there seems to be no hope that 
any of us will ever get to see it. The 
eanyon and old river valley serve one 
useful purpose, however, in that they 
form under-water landmarks for vessels 
equipped with echo sounding apparatus. 
In the case of a vessel bound from the 
Delaware Capes to Boston in foggy 
weather, the soundings tell the naviga- 
tor when he is crossing this gorge and 
by referring to his chart, he can spot 
his position with entire confidence. 

When Ponce de Leon was sailing 
along the Florida coast in search of the 
fountain of youth, he unknowingly 
sailed right by such a fountain two and 
one half miles offshore and nine miles 
south of the old city of St. Augustine. 
Here we have the unusual feature of an 
oceanic spring sending up millions of 
gallons of fresh mineral water from the 
sea bottom at a general depth of 55 feet. 
The bubbling up of this water produces 
a marked effect on the surface and it 
ean be seen for a distance of one mile. 
A strong odor, quite similar to the sul- 
phur springs of Florida, can be detected 
under favorable conditions when two 
miles away. 

The water comes up with considerable 
force and creates such swirls that the 
officer who investigated it reported that 
it was very difficult to hold a boat over 
the spring. If the outlet of this spring 
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were on land it is probable that it would 


resemble a geyser more than a spring 
The spring emerges from a hole only 
about 25 feet in diameter and 125 feet 
deep, or 70 feet below the surrounding 


ocean bed. 

Not to be outdone by Florida, C 
fornia boasts of oil springs 
her southern coasts. One of these is in 
the southern part of Santa Monica Bay 
near Redondo, and is located near 
head of a deep submarine valley 
makes in from sea. The oil comes up 


from a depth of 75 fathoms with sand 


and green mud bottom and covers a « 


siderable area. Years ago when there 
was great rivalry between Redondo and 
San Pedro as to where a harbor should 
be built, Redondo used the oil spring as 
an argument in its favor, claiming that 
the oil produced by the spring would 
form a ‘‘slick’’ and in time of storm 
tend to keep the harbor entrance 
smooth. Apparently the Government 
engineers were not impressed, for the 
harbor was built at San Pedro, and is 
now known as Los Angeles Harbor. 
The oil spring was known to mariners 
many years before the oil prospector 
appeared on the scene and brought in 
the great oil fields that to-day exist in 
this vicinity. 

Another oil spring occurs in the 
Santa Barbara Channel, a short dis- 
tance west of the city of Santa Barbara. 
Here the smell of petroleum was so 
strong that the adjacent point was 
named ‘‘Coal Oil Point.’’ Professor 
Davidson, who made the early surveys, 
stated that the smell of petroleum was 
almost overpowering and penetrated 
every part of a steamer which required 
about ten minutes to run through the 
coal-oil laden atmosphere. 

You perhaps know that besides giving 
the depths of the water, the nautical 
chart shows the character of the bottom. 
Thus in looking over a chart will be seen 
abbreviations for mud, rock, sand, 


shells, ete., which indicate the kind of 
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bottom in that vicinity. While the sur- 
vey is being made the sounding lead is 
armed, as we call it, with tallow and 
after the sounding is made and the wire 
reeled in, the lead is examined to see 
what it has brought up. 

At one place in Alaska, the chart 
shows gold dust as a bottom character- 
istic. This occurs about 18 miles south- 
east of Juneau in Stephens Passage and 
at a depth of some six hundred feet. 
Many prospectors have looked with 
greed at this indication of gold, but no 
one has ever yet devised a machine for 
dredging at such a great depth. 

A curious feature of the waters of 
Alaska is the pinnacle rock. These 
lurking dangers often extend to within 
a few feet of the surface and have been 
the cause of many a shipwreck. The 
menace of these pinnacles was so great 
that the main ship channels of South- 
eastern Alaska have been swept by the 
wire drag and the pinnacles thus discov- 
ered are now charted. 

One remarkable pinnacle was found 
which rose from a general depth of 600 
feet to within 17 feet of the surface. 
This pinnacle is higher than the Wash- 
ington monument, and, in fact, has been 
ealled the ‘‘Washington Monument 
Rock.’’ It is fortunate that it was dis- 
covered by the wire drag before some 
unlucky ship struck it. In 1929 a large 
passenger vessel in western Alaska 
struck a charted pinnacle rock and went 
down in about seven and one half min- 
utes. Only quick work in launching the 
life-boats averted a great loss of life. 

In addition to her many high and 


spectacular voleanoes on land, Alaska 
has the very strange phenomenon of a 


submarine voleano. This is known as 
Bogoslof and is located in Bering Sea 
about 60 miles west of the village of 
Unalaska, and some 25 miles north of 
Umnak Island. It is out of the line of 
traffic and is only visited by an occa- 
sional cutter on patrol duty. Bogoslof 
rises up from depths of nearly 6,000 
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feet. It throws up islands and 
blasts them away with terrific 
sions. Nearly year ther 
great differences in the appearar 
the island. 
no doubt many eruptions have gone 
recorded, but we know that great 
vulsions occurred in 1796, 1883, 1] 
and 1910. The eruption of 1910 
witnessed by the officers of the Ta/ 
who reported a column of steam 
ashes many thousands of feet high 


every 


It is so seldom visited 


recent years great changes in the t 
raphy of Bogoslof have been rep rt 
but no violent eruptions have been 
corded. 

Now and then we read stories of gr 
changes in the ocean bed, islands disa; 
pear, rocks are shoved up and cha 
are reported in depths. Except for su 
localities as Bogoslof and where ri 
discharge their load of silt and sa 
into the the Coast and Geodet 
Survey has seldom found any evide 
of these changes. 

One notable exception, however, 
curred in the Sulu Sea in the Philipp 
Islands. In 1914 this area was surve} 
by the Coast and Geodetic Survey, usi: 
standard methods of hydrography. 
bank found which w 
about two miles long and some half n 
wide. This bank was carefully sound 
over with closely spaced lines; depths 
eight to ten fathoms with sand and cor 
bottom were found over the crest of t 
ridge. 

Two years later, the surveying vess 
under my command was instructed 
do some supplementary sounding in this 
region, and in doing so, I ran a sound 
ing line over this previously surveyed 
bank. We picked up the north end of 
the bank and our soundings agreed per- 
fectly with the old work. Suddenly, 
when nearly half way over the bank, the 
Filipino leadsman sang out, ‘‘Twenty 
fathoms and no bottom.’’ I thought the 
man had suddenly lost his mind, for | 
did not see how such a depth could pos 


sea, 


or shoal was 
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sibly exist. I stopped the ship and took 
a cast with the sounding machine, and 
sure enough the depth was 32 fathoms; 
and this at the point where the previous 
survey showed ten fathoms! We went 
ahead and resurveyed the bank and 
found that while both ends were the 
same, the central part had sunk and 
that there now existed a 30-fathom 
ehannel between the two ends. 

The two surveys were of equal accu- 
racy and neither could be questioned, so 
that we could only assume that the cen- 
tral part of the bank had sunk or caved 
in to the extent of 20 fathoms, or 120 
feet. No such vertical movement on 
land has ever been known even at the 
epicenter of the most violent earth- 
quakes. What caused the subsidence, 
nobody knows. The records show that 
in the interim between surveys a severe 
earthquake had occurred in the vicinity 
and it may have been the cause, but 
there is no proof. This is the only case 
in which the Coast and Geodetic Survey 
has undisputed proof of a major change 
in the sea bottom. 

While we are on the subject of the 
Philippines, you might be interested in 
knowing that the deepest sounding ever 
made in any ocean was had in 1927 by 
the German cruiser Emden at a point 
about 45 miles east of the Island of Min- 
danao in what has long been known as 
the ‘‘Mindanao Deep.’’ The depth here 
was found to be 35,400 feet, or 6.7 
statute miles. This spot is only 75 
miles from a mountain 6,027 feet high; 
so we have here a difference of elevation 
of over 41,000 feet, which is 12,000 feet 
greater than the height of Mt. Everest, 
the highest mountain in the world. 

The German vessel used echo sound- 
ing in determining the depth, but wire 
soundings have been made in depths of 
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over 30,000 feet. 
impression that, due to the 
pressure, a weight will not sink to the 
great depths of the ocean. This is 
A cast-iron shot on the end of 
a piano wire, such as is used in deep sea 


Many people have the 
enormous 


not 
the case. 


sounding, will continue to go down until 
the bottom is reached. Due to the fric- 
tion of the wire passing through the 
water, however, the wire pays out very 
slowly and it is difficult to tell the in- 
stant when the shot has reached bottom. 
Once the shot de- 
tached and the rod only is hauled back. 
A specimen of the bottom brought back 
in the hollow rod is proof that bottom 
was actually reached. 

The Coast and Geodetie Survey is fre- 
quently called upon to search for what 
often proves to be phantom 
Lenard Rock in the North Pacific 
Many years ago this rock 


strikes bottom it is 


rocks. 
was 
such a case. 
was reported by sea otter hunters who 
claimed they had actually made fast 
their bidarkas to it. Later the captain 
of a trading schooner reported that he 
had lain becalmed in plain sight of the 
rock which was in the path of vessels 
bound from Seattle to Bering Sea. 

If this rock really existed, it was a 
danger of the first magnitude, and every 
effort was made to verify the reports. 
Commercial vessels looked for it in clear 
weather, Government vessels were al- 
ways on the alert for it and the Coast 
and Geodetic Survey spent several sea- 
sons making systematic surveys in the 
locality. 

Lenard Rock 
the evidence against its existence seemed 
so strong that it was taken off the charts 
and now the sea captains of a younger 
generation, the story of 
Lenard Rock, sail blithely by 
thought of danger. 


was never found, and 


unaware of 
without 
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By Dr. FRANK F. BUNKER 


EDITOR, CARNEGIE INSTITUTION OF WASHINGTON 


RECENTLY the interest of the scientific general agreement has been reached 1 
world was aroused by the announcement every plant and animal is the prod 
that Dr. John Belling, cytologist of Car- two interacting influences. 
negie Institution of Washington, had ac- One influence is the sum tota 
tually seen the ultimate physical units internal factors that direct the d: 
of heredity in the cells of the lily, had ment of the individual. This is her 
counted and photographed them, and The other influence is the sum of 
had observed somewhat of their behavior. vironmental factors that determi 

Until this announcement was made way in which the internal factors 
no one has thought that a gene, as the able to express themselves in the d 
unit is called, had ever been seen. Like opment of the organism. 
atoms, the existence of such entities has The actual appearance of an ind 
been inferred. A century ago, in at- ual is the response of these int 
tempting to explain the chemical be- factors to environment. Change 
havior of substances, scientists found it vironment may modify the app 
necessary to assume the existence of of the individual to a greater or less 
atoms. All that has since been learned gree; i.e., its sum total of inherited 
about the nature of matter seems well tors respond differently to the surrow 
explained on the assumption that atoms ings. 
exist. In speaking of these matters and 

So in biology, the results obtained their implications Dr. C. B. Davenp 
from countless experiments in breeding director of the Institution’s Department 
plants, insects and higher animals can of Genetics, says: 
best be explained by assuming that genes The thoughtful person can never ceas 
actually do exist, that they are located, iro the wonderful way in which the world 
as separable particles, at definite and natural objects is reproduced generation 
constant places in the chromosomes (car- generation. We wonder, on the one hand, 
riers of heredity), and that these genes the great diversity of species; on the other 

ca a ° the marvelous precision with which each sp¢ 
are responsible for those hereditary is reproduced. We marvel, also, at the wonder 
traits which distinguish one species from  ¢y) f§tness of organisms to the world in w! 
another and one individual from an- they develop and, in turn, reproduce. 
other. It is for the geneticist to give a scientific ex 
planation of these phenomena, to bring 
HEREDITY VERSUS ENVIRONMENT general laws the isolated facts of developn 
of diversity, of fitness. 

Ever since Carnegie Institution of The first great advance in the scientific « 
Washington was established, twenty- planation of these phenomena was the tra 
eight, years ago, its department of °f the devalonment of the jndiidal by en 
genetics has had investigators at work mechanism by which the internal factors tl 
in study of the rdéle which heredity and control development do their work. It is | 
environment play in the life of plants, cause the germ plasm—the chromosomes 
insects and higher animals, including eit constituent genes—shows a continuity th 
man. As a result of their investigations ‘h® SPecies reproduces itself. It is the fai 

: a of the former germ plasm to continue to repr 
and of those made by biologists work- duce itself in the same old way that is res; 
ing under the auspices of other agencies sible for genetic variation or mutation. Yet 
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After Mann 
GRASSHOPPER 


HOUSE FLY HORSE 


ay SN 


4fter Parmenter 


SALAMANDER PLANT 


DRAWINGS OF CHROMOSOMES OF VARIOUS ORGANISMS 


CHROMOSOMES ARE STRUCTURES IN 


AS SEEN UNDER THE MICROSCOPE, GREATLY ENLARGED. THI 
CELLS OF LIVING THINGS WHICH, THROUGH FERTILIZATION AND CELL DIVISION, PASS FROM PARENTS 
TO OFFSPRING. EACH CONSISTS OF A GREAT NUMBER OF GENES STRUNG 

ROW LIKE BEADS ON A STRING. THE DEVELOPMENT OF THE INDIVIDUAL, IT IS THOUGHT, IS 
BROUGHT ABOUT THROUGH THE INTERACTION OF THESE GENES. EACH SPECIES OF PLANT AND ANI 
MAL HAS A CONSTANT AND TYPICAL NUMBER OF CHROMOSOMES: MAN AND THE MONKEY HAVE 48; 
THE FROG, 26; THE PIGEON, 16; THE HORSE, 60; THE FRUIT-FLY, 8; THE HOUSE-FLY, 12; 

THE LILY, 24. 
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Drawing by John Belling 


DIAGRAM SHOWING ‘‘CROSSING-OVER’’ 


DIAGRAM, AFTER A CAMERA DRAWING, OF THE SEPARATION OF A SMALL PART OF THE 


DO 


CHROMOMERE STRINGS IN FRITILLARIA LANCEOLATA, SHOWING THAT THE TWO PARENTAL CHRO) 


MERE STRINGS (NOW BOTH DOUBLE) SEPARATE, 


TWEEN. 


BELLING BELIEVES THAT JUNCTIONS OF THE CHROMOMERES AT A BEND, A CROSS, A TWIST, 


AT FIRST 
IN THIS CASE THEY HAVE ‘‘ CROSSED-OVER’’ (EXCHANGED PARTS) AT THE NODE. | 


IN MANY PLACES, LEAVING NODI 


oO A 


OVERLAP IN THE CHROMOMERE THREADS ACCOUNT FOR THE VARIOUS PHENOMENA CONNECTED 
GENE BEHAVIOR OBSERVED BY GENETICISTS. 


just that failure is regular; and the laws de- 
termining it are the subject of our investiga- 
tion. 

Dr. BELLING’s DISCOVERY 


For a number of years Dr. Belling has 
devoted all his time to research on the 
mechanism of inheritance believed to lie 
within the microscopic bodies called 
chromosomes which oceur in the nucleus 


of every living cell. His investigations 
have taken him into study of the prin- 
ciples of optics as they apply to ex- 
tremely high-power microscopes, into 
search for plants having chromosomes 
which could be studied to best advantage, 
and into development of an improved 
technique in preparing chromosomes for 
observation. 

He found that plants of the lily family 
were especially suited to his purpose be- 
cause in them the essential structures are 
more widely separated than in other 
plants. The Easter lily, the Madonna 


lily, the royal lily and the leopard 
tiger lily of California were the mem! 
of this family which he most frequent 
examined ; but it was in the last of t! 
that he first observed the objects w 
he believes contain the genes. 

Although, according to theory, ger 
are present in the tissue cells of plants 
and animals as well as in their germ cells 
it is with the latter, more particular]; 
the pollen mother-cells of the flower buds 
of the lily, that Dr. Belling works. 

He takes the anthers (pollen-bearing 
flower parts) when they have reached 
the proper stage of development, cut 
them open and presses the mother-cells 
of the pollen out on to a clean glass slide 
which he instantly immerses in a fixing 
solution consisting of a combination 
powerful chemical agents. It is im 
portant, he finds, that the cells be killed 
instantaneously; for if they are per 
mitted to die slowly the structures which 





he wants to observe fuse and lose their 
distinetive appearance. 

Having thus completed the prelim- 
inary preparation, he subjects the slides 
to treatment with various staining solu- 
tions which the cell structures absorb in 
differing degree, thereby making them 
more easily distinguishable under the 
microscope. 

So skilful in manipulating these di- 
minutive pollen mother-ells has Dr. 
Belling become, and so successful has he 
been in finding dyes which give 
maximum visibility, that even though 
the cells themselves are less than one 
four-hundredth of an inch in diameter, a 
size which is below the limit of unaided 
human vision, yet in these tiny contain- 
ers he has seen and counted at least 
9200 different bodies which he thinks 
are the ultimate units of the inheritance 
mechanism. 

In the living plant, Dr. Belling states, 
a coat of stainable matter forms around 
the genes so thick and viscid that it can 
be pulled out into long strings. A gene 
with its coat of stainable matter is called 
a chromomere. Each of the strings of 
chromomeres, of which there are 24 in 
the tissue cells of the lily, constitutes a 
chromosome. 

Dr. Belling has counted the chro- 
momeres in the lily and showed that each 
contains a single core which is barely 
visible when conditions are most pro- 
pitious; that these are plentiful enough 
to satisfy the theoretical requirements 
of gene numbers; and that the various 
phenomena connected with gene beha- 
vior, designated by geneticists as ‘‘cross- 

ing-over,’’ ‘‘inversion,’’ ‘‘translocation,”’ 
*‘deletion,’’ and ‘‘deficiency,’’ can be ac- 
counted for by junctions of the chro- 
momeres at a bend, a cross, a twist or an 
overlap in the chromatin threads. 


IMPORTANCE OF THE GENE 


In commenting upon the function of 
these structures, Dr. Belling says: 
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A minute cell sphere with its 2,200 gene pairs 


suggests the celestial sphere visible to the un 
aided eye and containing fewer than 3,000 stars 
seen at one time These stars 


which can be 


were supposed by some nflu 


to exert a mystic 
ence on human beings. In the spherical cells 
of the organism, however, the genes a tually do 
exert specific influences on the life of the organ 
ism in question, whether of the 
In fact these 
effects of all the thousands of gene 
organism were added together nearly the whole 


lily or of man. 


influences are so great that if the 


s in a given 


of its inheritance would be accounted for 
These strings of chromomeres are of mors 
- } ; 


consequence, therefore, than the threads of 

fable, the Fate 

Indeed, in many of 
influence 


which, according to the old 
were supposed to spin, 

old sayings relating to 
stars, if the term 
be substituted for 
hold to-day. Could we but 
of the chromomeres in a 
are many more than in a lily 
scope for him could be drawn up. 


** gene shea or ‘*‘chromomer 


‘‘star’’ the saying 
identify every 
man (probably 


, a reliable 


The relevancy of Dr. Belling’s re 
marks concerning the influence of genes 
or chromomeres in heredity will become 
apparent when it is realized that the 
method by which the cells of plants and 
animals divide is such as to make certain 
that genes from both the parents are 
transmitted to the offspring. A quick 
review of the description which cytolo- 
gists give of the basic features of the 
method will make this clear. 


THE FORMING OF CHROMOSOMES 


Nearly all living things begin with 
the fusing of two sex-cells, one from the 
male and the other the female. 
This is fertilization, whereupon devel- 
opment begins. The single fertilized 
cell thus formed divides into two cells, 
these into four, the four into eight and 
so on until, in time, there are millions 
of cells organized, in the case of plants, 
into roots, stalks, leaves, flowers; and, 
in the of animals, into 
muscles, blood, heart, brain and all the 
other tissues of the animal body. 

In one respect the living cells, whether 
of plant or of animal, are all alike 
they are filled with water and, moving 


from 


case bones. 
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After A. Franklin Shull in “Heredity,” McGraw-Hill Book Company 

STAGES OF CHROMOSOME DIVISION 
SHOWING THE STAGES THROUGH WHICH THE CHROMOSOMES OF 
WORM, PASS WHEN CELL DIVISION TAKES PLACE. 
SECTIONS. 


ASCARIS, A PARASITIC THREA 
DRAWINGS OF ACTUAL SPECIMENS CUT IN THID 
A, EARLY STAGE, CHROMATIN THREAD SLIGHTLY CONDENSED; B 


>, CHROMATIN THREA 
HAS FORMED INTO CHROMOSOMES WHICH ARE ARRANGED ACROSS THE MIDDLE OF THE SPINDI 


V1 


C, SAME AS PRECEDING, VIEWED FROM THE SIDE OF THE SPINDLE, WITH CHROMOSOMES NOT COM 
PLETELY IN THE SECTION; D, CHROMOSOMES SPLIT LENGTHWISE; FE, CHROMOSOME HALVES MOVI> 


APART, CELL BODY BEGINNING TO DIVIDE; F, DIVISION OF CELL BODY COMPLETE, CHROMOSOMES 
CELL AT TOP BEING RECONSTRUCTED INTO A NUCLEUS. 























ugh it, is a substance ealled proto- 
lam which holds suspended in it, 
usually in a central position, a spherical 
dy of somewhat denser material called 
nucleus. The nucleus is of great 
nsequence, for it is known that it 
exercises a controlling influence on the 
physiological activity of the cell. It is 
ilso of particular importance in hered- 
ty. 

When the cell is quiescent the nucleus 
ipparently consists of a tangle of fibrous 
material. In preparation for cell di- 
vision these threads appear to shorten 
ind thicken, forming segments, twenty 

ur in the lily, forty-eight in man. 
These rod-like bodies in the nucleus, seen 
at this stage, are the chromosomes. 


THE SPLITTING OF THE CHROMOSOMES 


The chromosomes quickly take an 
orderly position at the middle of the 
cell, whereupon fibers develop which con- 
nect each chromosome with opposite 
‘‘noles’’ of the cell. 

When this stage is reached each 
chromosome splits along its length. 
Thus two sets of chromosomes are formed, 
each set being a counterpart of the ori- 
ginal set. The two sets then pass to 
opposite poles, drawn there, some think, 
by the contraction of the fibers, where- 
upon the cell divides. Two cells are 
thereby formed, each containing a set of 
chromosomes which is exactly like the 
set contained in the sister cell and both 
exactly like the parent set from which 
they sprang. 

In these new cells each group of 
chromosomes takes a central position 
and reforms a spherical nucleus from 
which, after a resting period, chromo- 
somes again emerge when these daughter 
cells, in their turn, are ready to divide. 
Through repetition of this process all 
the tissues of the individual plant or 
animal are built up of cells containing 
chromosomes which are all directly 
“‘descended’’ from those originally pres- 
ent in the fertilized egg. 
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We have said that the process just 


described is such that a guarantee is 
had that the cells of the individual plant 
or animal shall contain all the chron 

somes characterist e of the species to 


which it belongs. This is true of all 
cells of a given individual excepting only 


that group in each instance which is con 


cerned with reproduction. By a str 
ing modification of the process 
division, the chromosome number in t 


verminal cells of both sexes is reduced 


to one half the characteristic number 


REDUCTION DIVISION IN GERM C 


The reason for this reduction 
chromosome number is obvious. If there 
were no reduction, when the male and 


female cells unite the ertilized 


would contain double the characterist 
number. In each subsequent genera 
the number would again double and so 
on indefinitely ; thus a wholly absur 
uation would soon aris¢ 

As these germinal cells develop, t 
chromosomes in them come together in 
pairs while still very thin instead of 
splitting longitudinally and forming 
duplicate sets as they do in the ordinary 
tissue cells. The members of each pair, 
instead of the halves of each chromo 
some, separate to opposite poles, where 
upon the cell divides into two cells. In 
this manner the 
somes is reduced one half, the full num 

+ 


number of the chromo 


ber being restored when fertilization 
takes place. 

However. before the cells formed by 
this process of reduction mature and be- 
come capable of functioning in reproduc- 
tion they undergo one further division 
which, it should be noted, does no 
change their chromosome number. That 
is to say, from any cell that undergoes 
this reduction division four e¢ells are 
finally derived. In the male, whether of 
plants or of animals, all four become 
sperm cells capable of fertilizing the fe- 
male. In the case of the female among 
animals, only one of the four develops 
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Drawing by John Belling 


CAMERA DRAWING OF A CHROMOMERE STRING. 


into an egg, the other three remaining 
functionless and clinging to the side of 
the egg in the form of small rudimentary 
cells known as ‘‘ polar bodies.’’ 


EXCEPTIONS NOTED 

Although the foregoing steps in chro- 
mosome behavior are sufficiently general 
among plants and animals to justify the 
conclusion that they are typical, never- 
theless, as investigation continues, sig- 
nificant modifications in the processes 
are found to exist. These relate par- 
ticularly to the behavior of the so-called 
sex-determining chromosomes. More- 
over, the work of Dr. C. W. Metz, of the 
Department of Genetics, on the fungus 
gnat, Sciara, shows that with this genus 
at least there are peculiarities in chro- 
mosome action which put it in a class 
apart and which open up problems the 
solution of which may throw much light 
on uncertain and little understood as- 
pects of the inheritance mechanism. 

For the general reader, however, the 
important things to remember about the 
basic features are these: that there is a 
method of cell division common to prac- 
tically all plants and animals which in- 
sures that all the cells of the individual 


except the reproductive cells shall 
the full number of chromosomes char 
teristic of the species; that the repr 
ductive cells in each ease shall cor 
one half of the characteristic num! 
(except as modified in respect to the se: 
producing chromosome) ; and that w! 
the fusing of the male and the fem 
cells takes place in fertilization 
characteristic number is reestablished 

The most striking feature of cell 
vision, then, is the longitudinal bisectir 
of the gene strings (chromosomes) and 
the provision whereby every daught 
cell is granted its full complement 
these priceless genes, presence of whic! 
according to all available knowledge 
essential to continuity of life, of organ 
zation and of species. 


STuDY OF THE F'RUIT-FLY 


The work on the fruit-fly (Dro 
sophila), begun by Professor T. H. Mor- 
gan, of Columbia University, and con- 
tinued by him and his students, supple 
mented by investigations in other 
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By breeding, literally, millions of pedi- 
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The Development of Physiological Chemistry in Tucson, The Old Pueblo. FRANK 
the United States. RusseLt H. CHITTENDEN. and DONALD W. PAGE. 94 pp. I! 
4127 pp. $4.50, Chemi al ¢ atalog Company, Frank CU. Lockwood. 


The purpose of this book is to show something of The authors have traced back 
the growth and development of physiological chem history of Tucson Ee, ee 
istry in this country during the past half century ; 

The volume is one in the American Chemical Society English and dean of the college 


Monograph Series sciences at the University of Arizona 
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1932 supplement.) CARL F. Krarrr. 98 pp. $1.00. PETRIE. 307 pp. Illustrated 
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and Company. 
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the methods of capturing whales, their environment 
i the fourth dimension, the elem 

and about the whales themselves rhe first chapter is 
devoted to “old-time” whaling rhe author spent four rccount of how many import 
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HUMAN BIOLOGY 


Epiror RAYMOND PEAR! 


S. Jennings, Adolf Meyer, Adolph H 
> t. Miner 


HUMAN BIOLOGY was established in 1929 as a mi 
eation of the results of original research in all fields of the biology of man 
including physical and general anthropology, anthropometry, human 
anatomy, vital statistics, demography, human heredity a genies, pre 
history and the evolution of man, constitutional pathology elology, and 
psychobiology. No other existing journal brings together the literature of 
these separate disciplines. This journal is unique and indispensabl 
individual or institution wishing to keep in touch with the 
and development of the biological sciences In hel 
afford to be without it. The sociologist, the 
economist will find Human Biology useful, just as will 
and the physician. 
Volume IV is in progress 
Subscription in the United States is $5.00 
(foreign postage 35¢, Canadian 13) 
lumes I, Il, Ill available at $6.00 « 
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Announcing 


AMERICAN INSTITUTE 
OF PHYSICS 


An Agency of Cooperation in the Interest 
of Physics established by 


The American Physical Society 
The Optical Society of America 
The Acoustical Society of America 
The Society of Rheology 


This new Institute will be governed by a board composed 
of representatives of the four societies named. Through it 
these Societies aim better to serve Physics and Physicists. 
They desire to establish closer relations with other national 
and local groups of research workers, teachers and students 
in the field of Physics. They will study the financial and 
other problems of the physics journals. Finally they offer 
the services of the Institute to other Societies, to the Public 


and to the Press. 


Correspondence should be addressed 
to the Director 


AMERICAN INSTITUTE 
OF PHYSICS 


654 Madison Avenue New York, N. Y. 
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NOW READY 


LEADERS IN EDUCATIO! 


A BIOGRAPHICAL DIRECTORY 
Edited by J. McKEEN CATTELL 


The BrocrapuicaL Directory or Leapers in Epucation will take a pla 
the most important works of reference. Material for the book has been in 
collection for a number of years along the lines of the Biographical Directory o 
can Men of Science, which in successive editions has been a standard work for ¢ 
five years. The two directories are under the same editorship, as are also S 
School and Society, weekly journals, the former of which since 1895, the latt 
1915, have maintained the highest position in the fields of science and of educat 


The BrograrHicaL Directory or LEADERS IN EpUcATION contains b 
of over 11,000 of those in America who have done the most to advance 
whether by teaching, writing, research or administration, a careful selection f1 
million educational workers of the United States and Canada. They are those t 
daily reference is made in the press, from whom all positions of importance ar 
It is a work essential to all who have relations with those engaged in educatior 
necessary to every reference library. 


LEADERS IN EpucatTion, like School and Society, aims to bring unity and \ 
interest into educational work, covering the field from the nursery school and befor 
the university and after, including libraries, museums and social agencies as im 
factors in education. Like American Men of Science it is more than a compilatior 
a contribution to the advancement of education. 


Not only on the editorial side but also in mechanical production, the be 
tains the standards of American Men of Science, being well printed and well b 
book satisfactory for any student or any library to own, to show and to use. 


Over 1,000 pages Over 11,000 biographies Price, $10.00 


THE SCIENCE PRESS 


GRAND CENTRAL TERMINAL, NEW YORK, N. Y. LANCASTER 


To THE SCIENCE PRESS 
Lancaster, Pennsylvania 
Please send the BIOGRAPHICAL DIRECTORY OF LEADERS 
EDUCATION for which ten dollars will be remitted. 
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| 
The | CARNEGIE INSTITUTION | 


Biological Bulletin | | OF WASHINGTON 


Announces the publication is a research organization working 
of an Index fields ts monographie publieat 





COVERING VOLUMES 1—60 or THE Bio- 
LOGICAL BULLETIN AND VOLUMES 1] 
anp 2 oF THE ZooLoGicaL BULLETIN. 
This Index includes an alphabetical 
list of authors, with the titles of their Archaeology History 
papers, and a classified index of sub- Anthropolegs Literature 


jects. Astronomy Mathematics 
As the volumes of the Biological eg Seca 

Bulletin have contained no indexes Chemistry Selene 

prior to 1930, this Index should add Ecology Philology 

greatly to the general convenience Economics Paysice 

and usefulness of the volumes pub- 

lished during the last thirty-three rain ee — 

years. 

As THE EDITION 1s LIMITED, it is ad- 

ang a mail subscriptions early. io dieeceaae 

THE Price or THE INDEX is $4.00 ; 

ik Golan dau to co. CARNEGIE INSTITUTION OF WASHINGTON 

dressed to the Marine Biological Lab- 

oratory, Woods Hole, Mass. 


Embryology lerrestrial Magnetism 


tained | 


WASHINGTON, D. ¢ 











The Main Afferent Fiber Systems 
of the Cerebral Cortex in Primates 
An Investigation of the Central Portions of the Somato 
sensory, Auditory, and Visual Paths of the Cerebral ¢ ortex 


with Consideration of their Normal and Pathological Fu 
tion, based on Experiments with Monkeys 


By 


Stephen Poliak, 
Associate Professor of 


De par tment 
lU'niversity of Chicago 


M.D. 


of N 
f Medi 


(University of California Publications in Anatomy 
Volume 2, pp. xiv » 370 
96 illustrations, most of them colored) 


Price, postpaid § 
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Gurley’s Transits, Levels, Current Meters; Paulin Altimeters 
Microscopes, Cameras, Motion Picture Outfits; Tents and Camp Requi 
sites; Sleeping Bags; Saddlery; Outdoor Clothing for every Climate: Boats 


Arms and Ammunition, etc. 


We have recently equipped two expediti 
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Sixth International Congress 
of Genetics 





Ithaca, New York, August 24-31, 1932 





Personal Membership dues, including Proceedings—$10 
($12.00 after May 1, 1932) 


Sustaining Membership—Institutional Membership—$100 
Application for membership should be forwarded with dues to 
Robert C. Cook, Treasurer, 306 Victor Bldg., Washington, D. C. 


Information regarding the Congress may be obtained from: 


C. C. Little, Secretary General, 
Jackson Memorial Laboratory, Bar Harbor, Maine, U. S. A. 











Publishers: G. E. STECHERT & CO., New York—DAVID NUTT, London—FELIX ALCAN, Paris 
AKAD. VERLAGSGESELLSCHAFT, Leipzig—NICOLA ZANICHELLI, Bologna—RUIZ HER 
MANOS, Madrid—FERNANDO MACHADO E CIA, Porto—THE MARUZEN COMPANY, Toky 








INTERNATIONAL REVIEW OF SCIENTIFIC SYNTHESI: 
6c 99 Published every month (each number containing 100 to 120 3 
Ex-Editor: Eugenio Rignano 
Editors: F. Bottazzi—G. Bruni—F. Enriques 


Is THE ONLY REVIEW the contributors to which are really international. 

IS THE ONLY REVIEW that has a really world-wide circulation. 

IS THE ONLY REVIEW of scientific synthesis and unification that deals with the 
mental questions of all sciences: the history of the sciences, mathematics, astro! 
geology, physics, chemistry, biology, psychology and sociology. 

IS THE ONLY REVIEW that, by means of enquiries among the most eminent scient 
and authors of all countries (On the philosophical principles of the various sciences 
the most fundamental astronomical and physical questions of current interest; On 
contributions that the different countries have given to the development of various brar 
of knowledge; On the more important biological questions; On the great economical « 
sociological international questions), studies all the main problems discussed in int 
lectual circles all over the world, and represents at the same time the first attempt 
an international organization of philosophical and scientific progress. 

IS THE ONLY REVIEW that among its contributors can boast of the most illustrious 
of science in the whole world. 

The articles are published in the language of their author, and every number has a sup} 
ment containing the French translation of all the articles that are not French. The revir 
is thus completely accessible to those who know only French. (Write for a free cop’ y t 
the General Secretary of ‘‘Scientia,’’ Milan, sending 12 cents in stamps of your ¢ 
try, merely to cover packing and postage. ) 

SUBSCRIPTION: $10, post free OFFICE: 12, Via A. De Togni—Milan (11' 

General Secretary: Dr. PAOLO BONETTI 
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An Improved ** Prospecting Pick 


After years of experience the American Museum of Natural History 
has developed what is considered a perfect tool of the kind, of drop 
forged highest vrade 8) carbon tool steel, with a perfect eve extended 
so as to secure the full purchase power of the handle A metal bar inset 
over the head of the handle and riveted insures a perfect fit during the 
life of the tool regardless of shrinkage or number of times the pick is 
removed from the handle. Length of metal head fifteen inches, length of 
handle twenty-one and one-half inches, total weight one pound and ten 
ounees. 


These picks are available to coworkers at cost price, $4.50 


DEPARTMENT OF VERTEBRATE PALAEONTOLOGY 
American Museum of Natural History 
New York City 














DISTINCTIVE CONSERVATIVE APPEALING 


Maintaining that personal interest 
in a representative clientele 


MURRAY HILL HOTEL 


Park Avenue, 40th to 4lst Street 
NEW YORK 


Affords many advantages, worthwhile to visitors.—Delightful 
apartments for residence, and attractive rcoms for transient use. 
The Cuisine acclaimed as of the best 
The Fountain Room a novel feature 
THE FAVOR OF YOUR PATRONAGE IS RESPECTFULLY REQUESTED 


B. L. M. BATES, Proprietor a G. T. SANDALLS, Manager 




















THRE SCIENTIFIC 


a —_ York Hotel = 


with an 


! Academic Atmosphere | 


OPPOSITE COLUMBIA UNIVERSITY 


| ‘Rings Grown 
| 420 West 116th St.- Mew Taek 
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Olympics and 
National Park: 
Camping Trip 


ns Hop 


30 National Parks and Monw 
States. 3 Canadian Provinces 
Olympics. Juarez, Mexi 


New Ford Touring Cars—-70 Day 
Miles 


Sleep in Tents and Cook Ow: 
Throughout 


‘! 


. | Tour Price— $600) 


RATES 
American Plan (including 
Meals). Single from $4 
daily $25 weekly. Double 
from $8 daily $45 weekly. 
A few rooms on European 
Plan. } 
UnpER KNoTT MANAGEMENT N BRINTON HL STON] 

203 Westway, Baltimore, Md 


} 
ne ey 

















The Home Hotel 
of New York 





from Times Square 


ties Tor tourists 


HOTEL — 
BRETTON HALL 


BROADWAY at 86th STREET 
NEW YORK == 





























, lowe I's and [nse ( (s Catherine Esther Beecher 


By Pioneer Educator 


CHARLES ROBERTSON 
225 pp-. 33.00 


The author of “ FLOWERS AND 
INSECTS” has made a special study 
<tending over many years of insect 
sits to flowers. 


This book is printed and 

offered for sale by 

The 
Science Press Printing Company | D 
, THE SCIENCE RESS 
Lime and Green Streets si 
. PRINTING COMPANY, 
Lancaster, Pa. 
LANCASTER, PA 








BIOLOGICAL ABSTRACTS 


A Comprehensive Abstracting and Indering Journ 
ture in Theoretical and Applied Biclogy, Exclusive 
Under the Auspices of the 
Union of American Biological Societies, with the Cooperation of Biologists 


ar 


Generally 


1. Publishes concise and intelligent abstracts contributed by thousands 
of specialists from every field of theoretical and applied biology ; 


Searches over 5000 journals representing every civilized language, 
abstracts all pertinent matter in English but gives the citation in the 
original language ; 


furnishes annually: (a) an author index; (b) an extensive alpha 
betic subject index; (c) a complete systematic index providing an 
adequate approach to taxonomic (and much non-taxonomic) informa- 
tion on a group basis; 


Charges for this service $15.00 per annual volume with a special rate 
of $9.00 to individuals who pay for the subscription from their private 
purse. 


BIOLOGICAL ABSTRACTS 
V'YRILADELPHIA, PAS U.S.A. 
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Now Ready 


Ferns of Flortda--illustrated 


A recognized authority’s descriptions and not 


on the Fern Plants growing naturally in Florida. 


B } 


JOHN KUNKEL SMALI 
V (S@UuIN tHil He 4 {rims f the \ 


A Source Book for the Fern Student and Naturalist. 


‘The author's work is based on years of experience in the field in Florida, 


state which abounds with unexcelled botanical wealth. 


Containing 


An interesting chapter on the plant geography of the 


families, genera, species, and « 


Analytical keys to 
illustrations of the 


scriptions with 107 full page 


spec 


Interesting notes on habitat, range, and history 


List of authors cited 


Glossary 


Price, $3.00 


THE SCIENCE PRESS PRINTING COMPANY 
LANCASTER, PA. 
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Authoritative Health Books 





Allergy 


By Warren T. Vaughan, M.D., Editor Jou 

pages, illustrated. With special jacket. p 

patients, on asthma, hay fever, urticaria, eezema, migra 
allergy. Because of the great interest manifested in the 
this book for the laity and physicians will be welcome 


Living the Liver Diet 

By Elmer A. Miner, M.D. 106 pages, with illustrations. Wit) 
4 book for patie nts of pe rn cious anemia, and others interestec 
that it features the use of liver as a most important food 
nicious anemia and writes from personal experience Follows t 
advocated by Drs. Murphy and Minot of Harvard University 


Tuberculosis and How to Combat It 
By F. M. Pottenger, M.D., Medical Director of Pottenger Sanatoriun 


2nd Edition. Cloth, jacket, $2.00. A book for the patient and his 


author gives an intelligent description of tuberculosis. 


Getting Well and Staying Well 


,y John Potts, M.D. 221 pages. 2nd Edition. Cloth, 
~ & reulosis patients, public health nurses and } Pree ians 
asked by patients concerning tuberculosis Recommended 
and other organizations. 


Personal and Community Health 


By C. E. Turner, M.A., Dr.P.H., Professor of Biology an 
Technology. 450 pages, 62 illustrations. 3rd Edition. 
deals with the health of the individual and with the } 


The Sexual Life 


By C. W. Malehow, M.I). 317 pages, 7th edition. ¢ 
works on sex in print today. Deals with the subj 
profession. 


The Normal Diet 


By W. D. Sansum, M.8., M.D., F.A.C.P., Director of 
Cloth with jacket in colors, $1.00. Over 60,000 copi 
been sold. Highly recommended by physicians and dietit 


{ We shall be glad to send any of these books « 
t} 


tion. Just say that vou saw it advertised in 


THE C. V. MOSBY COMPANY Medical Publishers 


3523 Pine Boulevard ° ° ° . St. Louis, U. S. A. 
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YOU CAN make “imp 
a FACE MASK 


like the one illustrated, 


by 


DR. POLLER’S MOULAGE 
PROCESS with 
NEGOCOLL and 
HOMINIT 


In scientific, artistic, and 
industrial fields there is an 
ever-increasing need for 
exact, minutely detailed 
reproductions of objects. 
These plastics can be 
made quickly and easily 
by this method. 

Hominit positives lend themselves re- 


markably well to the most delicate 
metal plating 


KERN COMPANY 
136 Liberty Street 
New York, N. Y. 





Supply Department 


Marine Biological Laboratory 


Woods Hole, Massachusetts, U. S. A. 


st Or, Zoological Material 
s* wa 


1 Botanical Specimens and Mounts 


Microscopic Slides 


Living Cultures:— 
Protozoan Drosophila 


Live Marine Aquaria Sets 
(From November Ist to March 3lst) 


Cataloques on re quest 























CLIO MEDICA 


S255 28 5a 





quem 


wer 


ROMAN MEDICINE 
ven 
int — 





PSYCHIAT RY — aun” 
PEDIATRICS —ar 
SURGERY — xaever 
ORTHOPEDICS 
NEUROLOGY — wars 


‘ 
: 
—— 


PHY SIOLOGY — ruro 
PATHOLOGY — * 


BRITISH ISLES — Preowen 
ANATOMY —<e 

ITALIAN MEDICINE — casncuo 
PHYSICAL THERAPY —<co 
OPH THALMOLO GY — cxance 

GREEK «2 

MEDIEVAL MED! 

FRENCH MLDICINE 




















MEDICINE AMONG AMERICA INDIANS — emne 


t 
LS 
f 
t 
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EGYPT ane ASSYRIA —— eawsen 
INTERNAL MEDICINE —seusswon ¢ 
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A Series of Primers on the History of Medicine 
Edited by E. B. KRUMBHAAR 


“Tuis series of primers, which —- a concise and readable history of medicine, has been de- 
signed upon lines unique in the fact that each booklet discusses a particular phase of medical history 
in its entirety and yet remains of pocket size.” —Journal of Iowa State Medical Society 


PUBLISHED TO DATE 


THE BEGINNINGS: EGYPT & ASSYRIA ANATOMY 

WarrREN R. Dawson Georce W. Corner 

12mo, cloth, 86 pages . . $1.50 net 12mo, cloth, 97 pages 
MEDICINE IN THE BRITISH ISLES INTERNAL MEDICINE 

Str D’Arcy Power Sm Humpury ROLLesTon 

12mo, cloth, 94 pages. . . $1.50 net 12mo, cloth, 95 pages . 
PHYSIOLOGY ITALIAN MEDICINE 

Joxn F. Futton ARTURO CASTIGLIONI 

12mo, cloth, 157 pages, 7 illus. $1.50 net 12mo, cloth, 100 pages, illus. $1.50 net 


IN PRESS 


MEDICINE AMONG THE AMERICAN PHYSICAL THERAPY 
INDIANS. By Eric Stone By Joun S. CouLTer 


IN PREPARATION 


DERMATOLOGY GERMAN MEDICINE CANADA 

By W. A. Pusey By WILtiAM HaBERLING By Witiram B. Howe t 

By Davip RIESMAN By Samuet C. Harvey By W. R. Morss 
PATHOLOGY ORTHOPEDICS —o — 

By E. B. KRUMBHAAR By R. Prato ScHWARTZ te — 
OPHTHALMOLOGY FRENCH MEDICINE PEDI \T Saas 

By Burton S. CHANCE By LarGnet LEVASTINE "By + oe _ 
GREEK & ROMAN NEUROLOGY ber cteoapconsetectio dias 
MEDICINE By Henry VIETS NUTRITION 

By Joun R. Oxrver AMERICAN SCHOOLS By Gaanam Luse 
BACTERIOLOGY OF MEDICINE TUBERCULOSIS 

By Wittiam W. Forp By C. F. PaInrer By GeraLp Wess 





Other Volumes to be Announced. Each Volume Complete in Itself and Sold Separately 


PAUL B. HOEBER, INC PUBLISHERS « 76 FIFTH AVE* NLY. 


Publishers of The American Journal of Surgery; Annals of Medical History; Annals of Roentgenology, et« 
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NEW SCIENCE TEXTS 





Now Ready 


AN 
INTRODUCTION 
TO GEOLOGY 


By William Berryman Scott 
Blair Professor of Geology, Emeritus, 
Princeton University 


Third Edition, Revised and Enlarged 


Tue first revision in 
twenty-five years, the new Introduc- 
tion to Geology compasses all the ad- 
vances which a quarter of a century 
has made in the science and teaching 
of geology. Up-to-date in respect of 
content, illustration and treatment, 
bound conveniently in two large, hand- 
some volumes, it is the epitome of 
modern textbooks in geology. It con- 
tains a wealth of new factual and illus- 
trative material gathered from all 
parts of the world, Gobi Desert, India, 
South America, Arizona. Its new 
second volume makes it equally ex- 
haustive in the two realms of physical 
and historical geology. Its set of 388 
illustrations, half-tones and drawings, 
is truly magnificent. For textbook or 
reference use we commend this new 
work to your careful consideration. 


Volume I. Physical Geology 
604 pages, $3.50 


Volume II. Historical Geology 
485 pages, $3.00 














60 FIFTH AVENUE 
NEW YORK 


me 


Published in May 


A TEXTBOOK 
OF 
GENETICS 


By Arthur Ward Lindse: 


Professor of Zoology in Denison U1 


Tus new ge 


textbook is simple enough, ge 
enough, and sufficiently practica 
tone to suit the student of cult 
rather than scientific interest, y: 
precision, freshness, and compri 
siveness make it an excellent fow 
tion for further study in this line 
is not Professor Lindsey’s first w 
and teachers will recognize its cl) 
simplicity as a quality achieved befor 
in the Problems of Evolution and t 
Textbook of Evolution and Genet 
It emphasizes no particular phase 
the subject, but presents a unified 
count of the entire modern science 
genetics. Its content falls into 1 
three categories of historical asp« 
facts and theories, and practical : 
pects. It is 


A_ balanced, introductory text- 
book, adapted in content, organ- 


ization, and style to the be- 


ginner’s needs. 








THE MACMILLAN COMPANY 











